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SECTION 1.  OVERVIEW

1.1 SCOPE

THIS DOCUMENT DEFINES THE DATA ENCODING AND DATA FORMATS THAT PROVIDE
COMMUNICATIONS AND CONTROL OF THE EARTH ORBITER-1 (EO-1) SPACECRAFT FROM THE
GROUND. THIS DOCUMENT ALSO DEFINES THE COMMUNICATION AND DATA INTERFACES
BETWEEN THE MISSION OPERATIONS CENTER (MOC) AND THE EO-1 GROUND STATIONS.

THIS INTERFACE CONTROL DOCUMENT (ICD) DEFINES THE INTERFACES AMONG THE EO-1
SPACECRAFT, THE EO-1 MOC AT THE GODDARD SPACE FLIGHT CENTER (GSFC), AND THE
FACILITIES THAT MAKE UP THE EO-1 GROUND NETWORK. BOTH THE DATA INTERFACES
BETWEEN THE EO-1 SPACECRAFT AND THE GROUND STATIONS AND THE INTERFACILITY
INTERFACES BETWEEN GROUND ELEMENTS ARE COVERED. THE EO-1 GROUND NETWORK
CONSISTS OF WALLOPS FLIGHT FACILITY (WFF) RESOURCES SUPPORTING EO-1, WHICH ARE
COLLECTIVELY REFERRED TO AS THE WALLOPS GROUND STATIONS (WGS) IN THIS DOCUMENT.

1.2 INTERFACE IDENTIFICATION

THE EO-1 MISSION IS THE FIRST EARTH OBSERVING MISSION OF NASA’S NEW MILLENNIUM
PROGRAM (NMP). THIS DOCUMENT DEFINES THE INTERFACE BETWEEN THE EO-1 SPACECRAFT
AND THE GROUND. ALSO INCLUDED HEREIN IS THE DEFINITION OF THE INTERFACE BETWEEN
THE EO-1 GROUND STATIONS AND THE EO-1 MOC. DETAILS OF THE RADIO FREQUENCY (RF)
COMMUNICATIONS ARE DOCUMENTED IN THE RADIO FREQUENCY INTERFACE CONTROL

DOCUMENT BETWEEN THE EARTH ORBITER (EO-1) SPACECRAFT AND THE GROUND NETWORK (GN)

AND THE SPACE NETWORK (SN).

1.3 INTERFACE RESPONSIBILITIES

1.3.1 SPACECRAFT

THE EO-1 SPACECRAFT IS BEING SUPPLIED BY A CONTRACTOR TEAM THAT INCLUDES SWALES
AND LITTON AMECOM. THE INDIVIDUAL RESPONSIBLE FOR ENSURING THAT THE EO-1
SPACECRAFT COMPLIES WITH THE INTERFACES SPECIFIED HEREIN IS BRIAN SMITH (NASA, GSFC,
CODE 730).

1.3.2 GROUND SYSTEM

THE EO-1 GROUND SYSTEM IS BEING PROVIDED BY NASA, GSFC, CODE 580. THE INDIVIDUAL
RESPONSIBLE FOR ENSURING THAT THE EO-1 GROUND SYSTEM COMPLIES WITH THE
INTERFACES SPECIFIED HEREIN IS DAN MANDL (NASA, GSFC, CODE 584).

1.3.3 GROUND STATIONS

THE EO-1 GROUND STATIONS ARE BEING PROVIDED BY NASA’S WFF. THE INDIVIDUAL
RESPONSIBLE FOR ENSURING THAT THE EO-1 GROUND STATIONS COMPLY WITH THE
INTERFACES SPECIFIED HEREIN IS PAUL GARZA (NASA, GSFC, CODE 452).
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1.3.4 GROUND COMMUNICATION LINKS

THE EO-1 GROUND COMMUNICATIONS LINKS ARE BEING PROVIDED BY NASA COMMUNICATIONS
(NASCOM). THE INDIVIDUAL RESPONSIBLE FOR ENSURING THE EO-1 GROUND COMMUNICATIONS
COMPLY WITH THE INTERFACES SPECIFIED HEREIN IS PAUL GARZA (NASA, GSFC, CODE 452).
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SECTION 2.  APPLICABLE DOCUMENTS

2.1 APPLICABLE DOCUMENTS

EO-1 COMMAND AND TELEMETRY HANDBOOK (SPEC TBD)

EO-1 REQUIREMENTS (SPEC TBD)

RADIO FREQUENCY INTERFACE CONTROL DOCUMENT BETWEEN THE EARTH ORBITER (EO-1)

SPACECRAFT AND THE GROUND NETWORK (GN) AND THE SPACE NETWORK (SN), JANUARY 1988

2.2 REFERENCE DOCUMENTS

CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS (CCSDS), CCSDS 101.0-B-3: TELEMETRY
CHANNEL CODING, BLUE BOOK, ISSUE 3, MAY 1992

—, CCSDS 102.0-B-4: PACKET TELEMETRY, BLUE BOOK, ISSUE 4, NOVEMBER 1995

—, CCSDS 201.0-B-2: TELECOMMAND PART 1—CHANNEL SERVICE, BLUE BOOK, ISSUE 2,
NOVEMBER 1995

—, CCSDS 202.0-B-2: TELECOMMAND PART 2—DATA ROUTING SERVICE, BLUE BOOK, ISSUE 2,
NOVEMBER 1992

—, CCSDS 202.1-B-1: TELECOMMAND PART 2.1—COMMAND OPERATION PROCEDURES, BLUE
BOOK, ISSUE 1, OCTOBER 1991

—, CCSDS 701.0-B-2: ADVANCED ORBITING SYSTEMS, NETWORKS AND DATA LINKS:
ARCHITECTURAL SPECIFICATION, BLUE BOOK, ISSUE 2, NOVEMBER 1992
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SECTION 3.  COMMUNICATIONS REQUIREMENTS

3.1 GENERAL

THIS DOCUMENT DEFINES THE SPACE-TO-GROUND AND GROUND-TO-SPACE INTERFACE
BETWEEN THE EO-1 SPACECRAFT AND THE EO-1 GROUND STATIONS. THE PRIMARY GROUND
STATION WILL BE THE SPITZBERGEN GROUND STATION (SGS) LOCATED AT SVALBARD,
NORWAY. BACKUP GROUND STATIONS FOR LAUNCH AND EARLY ORBIT (L&EO) WILL BE
LOCATED AT WALLOPS ISLAND, VIRGINIA, AND AT POKER FLATS, ALASKA. THE MCMURDO
GROUND STATION, LOCATED ON ROSS ISLAND IN THE ANTARCTIC, WILL BE USED FOR BACKUP
L&EO AND MANEUVER SUPPORT. THE SVALBARD GROUND STATION WILL PROVIDE S-BAND
UPLINK, S-BAND DOWNLINK, X-BAND DOWNLINK, AND DOPPLER TRACKING. THE BACKUP
GROUND STATIONS WILL BE CAPABLE OF SUPPORTING ALL INTERFACES DEFINED IN THIS ICD.

EO-1 NORMALLY REQUIRES TWO GROUND STATION PASSES PER DAY. THESE PASSES WILL
REQUIRE SIMULTANEOUS S-BAND UPLINK, S-BAND DOWNLINK, X-BAND DOWNLINK, AND
DOPPLER TRACKING. ADDITIONAL GROUND STATION PASSES MAY BE REQUIRED FOR L&EO OR
CONTINGENCY OPERATIONS.

3.2 EO-1 SPACECRAFT COMMUNICATIONS SYSTEM

THE EO-1 S-BAND COMMUNICATIONS SYSTEM (FIGURE 3-1) CONSISTS OF A LOCKHEED MARTIN
CSX-600B TRANSPONDER AND OMNI NADER AND ZENITH ANTENNAS. THE X-BAND
COMMUNICATIONS SYSTEM CONSISTS OF AN X-BAND EXCITER DESIGNED BY LITTON AMECOM
AND A PHASED-ARRAY ANTENNA SUPPLIED BY BOEING.

Comm.
RSN

Lockheed Martin-/conic
CSX-600B

S-Band Transponder

X-Band Phased
Array

WARP
X-Band
Exciter

3 dB Hybrid

20 dB Coupler

High Gain  23 dBi &
105 Mbps QPSK
EIRP = 53 dBM

M5
QPSK, RS(250,223),NRZ-M,Randomized

M5 C&DH

Transmitter

Receiver

Di-plexer

NRZ-L CCSDS

 CCSDS(CADU) NRZ-L,Randomized

X-Ponder Control/Status

50 Ohm term.

coupled

RSN

VCDU

VCDU

1773 S/C Bus

105 Mbps

2 Kbps

32 Kbps, 1 Mbps, 4 Mbps

Figure 3-1. EO-1 Communications Block Diagram
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3.3 EO-1 GROUND STATION COMMUNICATIONS SYSTEM

THE EO-1 GROUND STATION AT SVALBARD CONSISTS OF AN 11.3-METER, SOLID PARABOLIC
DUAL OPTICS ANTENNA WITH THE FOLLOWING SPECIFICATIONS:

• G/T @ S-BAND (2250 MHZ): 23.0 DB/K @ 60 DEG EL ANGLE & 23 C AMB.

• G/T @ X-BAND (8500 MHZ): 35.0 DB/K @ 60 DEG EL ANGLE & 23 C AMB.

• EIRP @ S-BAND 94 DBM

• GAIN TRANSMIT: 4.6 DB @ 2070 MHZ

• GAIN RECEIVE: 46.0 DB @ S-BAND, 58 DB @ X-BAND

• POLARIZATION-TRANSMIT: SELECTABLE LHCP/RHCP

• RF BEAMWIDTH: 0.93 DEG @ 2070 MHZ, 0.23 DEG @ 8275 MHZ

• ANTENNA NOISE TEMP: 40 DEG K @ S-BAND, 45 DEG K @ X-BAND @ 5 DEG EL ANGLE

• SYSTEM NOISE TEMP: 165 DEG K @ S-BAND, 170 DEG K @ X-BAND

• LOW NOISE AMPLIFIER (LNA):

− S-BAND 48 DEG K, 38 DB GAIN

− X-BAND 80 DEG K, 45 DB GAIN

• HIGH POWER AMPLIFIER: S-BAND 200 WATTS SSPA

THE SVALBARD GROUND STATION WILL BE CAPABLE OF SIMULTANEOUS S-BAND UPLINK, S-
BAND DOWNLINK, X-BAND DOWNLINK, AND DOPPLER TRACKING.

3.4 EO-1 GROUND SYSTEM OVERVIEW

THE EO-1 GROUND SYSTEM CONSISTS OF THE GROUND STATIONS, THE MOC LOCATED AT GSFC,
AND THE SCIENCE VALIDATION FACILITY (SVF) ALSO LOCATED AT GSFC (SEE FIGURE 3-2).
PHYSICAL DATA LINKS INTERCONNECTING THE GROUND STATIONS AND THE MOC WILL BE
PROVIDED BY NASCOM. PHYSICAL DATA LINKS INTERCONNECTING THE MOC AND THE SVF WILL
BE PROVIDED BY NASCOM.

3.5 INTERFACE FUNCTIONAL REQUIREMENTS

3.5.1 WGS TO EO-1 S-BAND UPLINK

THE EO-1 GROUND STATIONS WILL SEND UPLINK COMMANDS TO EO-1 USING THE S-BAND
FREQUENCY OF 2039.65 MEGAHERTZ (MHZ).

3.5.2 EO-1 TO WGS S-BAND DOWNLINK

EO-1 WILL GENERATE AND TRANSMIT ENGINEERING AND SCIENCE TELEMETRY TO THE GROUND
STATIONS AT THE S-BAND FREQUENCY OF 2215.00 MHZ.
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Figure 3-2. EO-1 Ground System

3.5.3 EO-1 TO WGS X-BAND DOWNLINK

EO-1 WILL GENERATE AND TRANSMIT SCIENCE TELEMETRY TO THE GROUND STATIONS AT THE
X-BAND FREQUENCY OF 8225.00 MHZ.

3.5.4 EO-1 TO TDRSS S-BAND DOWNLINK

EO-1 WILL GENERATE AND TRANSMIT ENGINEERING TELEMETRY TO THE TRACKING AND DATA
RELAY SATELLITE SYSTEM (TDRSS) AT THE S-BAND FREQUENCY OF 2215.00 MHZ.

3.5.5 COMMAND DATA RATES

THE COMMAND UPLINK DATA RATE IS 2 KILOBITS PER SECOND (KBPS).

3.5.6 TELEMETRY DATA RATES

THE DOWNLINK DATA RATES ARE AS FOLLOWS:

• TDRSS S-BAND

− 1.2 KBPS

• WGS S-BAND

− 2 KBPS

− 32 KBPS
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− 1 MBPS

− 4 MBPS

• WGS X-BAND

− 105 MBPS (52.5 MBPS I + 52.5 MBPS Q)

3.5.7 RANGING

NO TONE RANGING SUPPORT IS PLANNED FOR EO-1.

3.5.8 DOPPLER TRACKING

THE GROUND NETWORK (GN) SHALL GENERATE TWO-WAY DOPPLER (I.E., RANGE RATE)
TRACKING DATA THAT IS DERIVED FROM THE SPACECRAFT-TO-GN S-BAND RF CARRIER, WHICH
IS A COHERENT TURNAROUND OF THE GN RF CARRIER. IN THE COHERENT MODE, THE
SPACECRAFT’S TRANSMIT CARRIER FREQUENCY WILL BE RELATED TO THE RECEIVED CARRIER
FREQUENCY BY THE RATIO 240/221.

3.6 EO-1 MODES OF OPERATION

THIS SECTION DESCRIBES THE SPACECRAFT COMMUNICATIONS CONFIGURATION IN THE
VARIOUS MISSION MODES. FOR ALL MODES, THE COMMAND LINK WILL BE CONFIGURED FOR 2-
KBPS UPLINK FROM THE GROUND STATIONS.

3.6.1 LAUNCH COMMUNICATIONS CONFIGURATION

THE EO-1 SPACECRAFT COMMUNICATIONS SYSTEM WILL BE CONFIGURED FOR TDRSS S-BAND
DOWNLINK FOR LAUNCH. FAIRING SEPARATION IS 11 MINUTES AFTER LAUNCH. EO-1 WILL BEGIN
TRANSMITTING 2-KBPS S-BAND TELEMETRY DATA TO TDRSS 30 SECONDS AFTER FAIRING
SEPARATION.

3.6.2 NORMAL OPERATIONS MODE COMMUNICATIONS

FOR NORMAL OPERATIONS, THE EO-1 SPACECRAFT WILL NOT TRANSMIT TELEMETRY
ROUTINELY. TELEMETRY DOWNLINKS WILL BE PLANNED, COORDINATED WITH GROUND
STATIONS, AND INITIATED BY REAL-TIME OR STORED COMMANDS. THE NOMINAL S-BAND
HOUSEKEEPING DATA RATE WILL BE 32 KBPS. THE DATA RATE FOR S-BAND PLAYBACK OF
HOUSEKEEPING DATA WILL BE 1 MBPS. THE 1-MBPS DATA WILL CONTAIN UP TO 32 KBPS OF
REAL-TIME (VC0) VIRTUAL CHANNEL DATA UNITS (VCDUS). THE GROUND STATION WILL
PERFORM VIRTUAL CHANNEL SEPARATION OF THE REAL-TIME AND PLAYBACK DATA STREAMS.
THE VC0 DATA STREAM WILL BE FORWARDED TO THE MOC IN REAL TIME. THE PLAYBACK DATA
STREAMS WILL BE BUFFERED BY THE GROUND STATION AND FORWARDED AS GROUND LINK
BANDWIDTH PERMITS.

THE X-BAND DATA WILL BE DOWNLINKED AT 105 MBPS TO THE GROUND STATION
SIMULTANEOUSLY WITH THE S-BAND DOWNLINK AND THE UPLINK S-BAND COMMANDS. THE
GROUND STATION WILL DEMODULATE THE X-BAND DATA I AND Q CHANNELS. THE I AND Q
DATA STREAMS WILL BE STORED TO AMPEX TAPE BY THE GROUND STATION.
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3.6.3 BACKUP SCIENCE MODE

IN CASE OF COMMUNICATION PROBLEMS WITH THE X-BAND SCIENCE DOWNLINK, A BACKUP S-
BAND SCIENCE COMMUNICATIONS MODE IS IMPLEMENTED. THE DATA RATE FOR S-BAND
PLAYBACK OF SCIENCE DATA WILL BE 4 MBPS. THE 4-MBPS DATA WILL CONTAIN UP TO 32 KBPS
OF REAL-TIME (VC0) VCDUS. THE GROUND STATION WILL PERFORM VIRTUAL CHANNEL
SEPARATION OF THE REAL-TIME AND PLAYBACK DATA STREAMS. THE VC0 DATA STREAM WILL
BE FORWARDED TO THE MOC IN REAL TIME. THE ENTIRE 4-KBPS DOWNLINK STREAM WILL BE
STORED TO AMPEX TAPE.

3.6.4 SAFE MODE COMMUNICATIONS

TBD

3.7 COMMUNICATIONS AND TRACKING PERFORMANCE
REQUIREMENTS

3.7.1 COMMAND CHANNEL

THE MAXIMUM FORWARD LINK BIT ERROR RATE (BER) FOR THE DETECTED DIGITAL DATA IN
THE EO-1 SPACECRAFT COMMAND CHANNEL SHALL BE 1X10-7.

3.7.2 TELEMETRY CHANNEL

THE MAXIMUM RETURN LINK BER FOR THE DETECTED DIGITAL DATA IN THE EO-1 S-BAND
TELEMETRY CHANNEL SHALL BE 1X10-7 AFTER FORWARD ERROR CORRECTION.

THE MAXIMUM RETURN LINK BER FOR THE DETECTED DIGITAL DATA IN THE EO-1 X-BAND
TELEMETRY CHANNEL SHALL BE 1X10-6 AFTER FORWARD ERROR CORRECTION.

3.7.3 DOPPLER TRACKING

THE ALLOWABLE RANDOM ERROR FOR MEASUREMENT NOISE IS AS FOLLOWS:

DOPPLER: 8 MILLIMETERS/SEC.

ANGLES: 0.0030 DEG
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SECTION 4.  EO-1 SPACECRAFT AND GN RF LINK
INTERFACE CHARACTERISTICS

4.1 LINK FUNCTIONAL DESIGNS

4.1.1 WGS TO EO-1 FORWARD LINK

DIGITAL COMMANDS ORIGINATE IN THE MOC. THE GROUND STATION RECEIVES BLOCKED
COMMAND DATA AND FORMATS THE DATA IN ORDER, GENERATING A 2-KBPS NON-RETURN TO
ZERO LEVEL (NRZ-L) DATA STREAM. THE GROUND STATION WILL GENERATE A 16-KILOHERTZ
(KHZ) SUBCARRIER. THE 16-KHZ SUBCARRIER SHALL BE PHASE SHIFT KEYED (PSK) AT 2 KBPS.
THE MODULATED SUBCARRIER SHALL PHASE MODULATE (PM) THE UPLINK CARRIER AT THE
GROUND STATION. THE UPLINK FREQUENCY IS 2039.65 MHZ. THE UPLINK DEVIATION SHALL BE
0.7 RADIANS PEAK.

THE UPLINK SIGNAL SHALL BE RECEIVED AT THE SPACECRAFT, VIA THE OMNI ANTENNAS BY
THE EO-1 TRANSPONDER. THE 16-KHZ BASEBAND SUBCARRIER SIGNAL WILL BE DEMODULATED,
AND NRZ-L DATA AND CLOCK WILL BE PASSED TO THE ONBOARD COMMAND DETECTOR IN THE
COMMAND AND DATA HANDLING (C&DH) SUBSYSTEM.

4.1.2 EO-1 TO WGS S-BAND DOWNLINK

DATA WILL BE PROVIDED BY THE EO-1 C&DH AT 2 KBPS, 32 KBPS, 1 MBPS, AND 4 MBPS. PRIOR TO
TRANSMISSION, THE C&DH WILL GENERATE REED-SOLOMON CHECK SYMBOLS TO FORM CCSDS-
FORMATTED CHANNEL ACCESS DATA UNITS (CADUS). THE CADU DATA WILL THEN BE CCSDS
PSEUDO-RANDOMIZED. RANDOMIZED DATA AND CLOCK ARE PROVIDED TO THE TRANSPONDER
IN NRZ-L FORMAT AT 2 KBPS, 32 KBPS, 1 MBPS, AND 4 MBPS.

THE TRANSPONDER BINARY PHASE SHIFT KEY (BPSK) MODULATES THE DATA DIRECTLY ONTO
THE 2215.00-MHZ DOWNLINK CARRIER.

4.1.3 EO-1 TO WGS X-BAND DOWNLINK

THE EO-1 WIDEBAND ADVANCED RECORDER/PROCESSOR (WARP) COMPONENT OF THE
SPACECRAFT C&DH WILL PROVIDE TWO 52.5-MBPS STREAMS OF CCSDS-FORMATTED, REED-
SOLOMON ENCODED, RANDOMIZED CADU DATA. THE CADU DATA WILL BE DIFFERENTIALLY
ENCODED USING A GREY CODE. THE DUAL DIFFERENTIAL DATA SHALL BE QUADRIPHASE SHIFT
KEYED (QPSK) AT A RATE OF 105 MBPS.

4.1.4 EO-1 TO TDRSS SSA RETURN LINK

DATA WILL BE PROVIDED BY THE EO-1 C&DH AT 2 KBPS. PRIOR TO TRANSMISSION, THE C&DH
WILL GENERATE REED-SOLOMON CHECK SYMBOLS TO FORM CCSDS-FORMATTED CADUS. THE
CADU DATA WILL THEN BE CCSDS PSEUDO-RANDOMIZED AND CONVOLUTIONALLY ENCODED
AT A RATE OF 1/2. THE ENCODED DATA AND CLOCK ARE PROVIDED TO THE TRANSPONDER IN
NRZ-L FORMAT AT 2 KBPS.



EO-1 ICD-023
BASELINE

SEPTEMBER 24, 1998

4-2

THE TRANSPONDER BPSK MODULATES THE DATA DIRECTLY ONTO THE 2215.00-MHZ DOWNLINK
CARRIER.
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SECTION 5.  TELEMETRY DATA FORMATS

5.1 TELEMETRY DATA FORMATS

THIS SECTION DEFINES THE EO-1 TELEMETRY DATA FORMATS. DETAILS OF THE X-BAND DATA
FORMATTING PERFORMED BY THE SPACECRAFT WARP ARE PROVIDED IN APPENDIX A.

THE TELEMETRY IS FORMATTED ACCORDING TO THE CCSDS ADVANCED ORBITING SYSTEMS
(AOS) RECOMMENDATIONS. THE CCSDS CADU IS THE BASIC UNIT OF DOWNLINK TRANSFER. THE
CADU LENGTH IS 1260 TOTAL BYTES CONSISTING OF 1100 BYTES OF DATA PLUS 160 BYES OF
CHECK SYMBOLS.

TEN CCSDS VIRTUAL CHANNELS WILL BE USED FOR DATA. ONE VIRTUAL CHANNEL IS DEFINED
FOR FILL DATA. CCSDS VIRTUAL CHANNELS 0 THROUGH 3 CONTAIN MULTIPLEXED PACKET
DATA UNITS (M_PDUS). VIRTUAL CHANNELS 4 THROUGH 9 CONTAIN BITSTREAM PAYLOAD DATA
UNITS (B_PDUS). VIRTUAL CHANNEL 63 CONTAINS FILL VCDUS.

5.1.1 CADU FIELD VALUES

5.1.1.1 SYNCHRONIZATION MARK

THE 4-BYTE SYNCHRONIZATION (SYNC) PATTERN “1ACFFC1D” (HEX) IS APPENDED TO THE
BEGINNING OF EACH CADU.

5.1.1.2 VCDU PRIMARY HEADER FIELD DEFINITION

THE VCDU HEADER HAS THE FOLLOWING FIELDS:

1. VERSION NUMBER (2)—ITS VALUE IS BINARY “01”, WHICH IS THE VALUE FOR A CCSDS
AOS VCDU.

2. SPACECRAFT ID (8)—VALUE IS SET TO HEXADECIMAL “89”.

3. VIRTUAL CHANNEL (6)—VIRTUAL CHANNELS ARE ASSIGNED AS FOLLOWS:

0 SPACECRAFT REAL-TIME TELEMETRY

1 RECORDED SPACECRAFT TELEMETRY

2 RECORDED SPACECRAFT EVENTS

3 SPACECRAFT HOUSEKEEPING TELEMETRY

4 TBD

5 TBD

6 TBD

7 TBD

8 SCIENCE BIT-STREAM RAW DATA—MULTISPECTRAL/PANCHROMATIC (MS/PAN)
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9 SCIENCE BIT-STREAM RAW DATA—ACU

63 FILL VCDUS

4. VCDU COUNTER (24)—ITS VALUE REPRESENTS THE NUMBER OF THE CADU FRAME AND
IS CONTINUOUS FOR EACH VIRTUAL CHANNEL. THIS VALUE MAY BE RESET TO “0”.

5. REPLAY FLAG (1)—IT IS USUALLY “0”, BUT WILL BE SET TO “1” WHEN A KNOWN
DISCONTINUITY OCCURS IN THE VCDU COUNTER.

6. TIME CORRELATION FLAG (1)—THIS BIT IS SET TO INDICATE THAT THE TIME THIS CADU
IS OUTPUT WILL BE LATCHED AND THE VALUE TELEMETERED FOR THE GROUND TO
USE IN DETERMINING SPACECRAFT TIME.

7. SPARE (6)—THESE SPARE BITS ARE SET TO “0”.

5.1.1.3 VCDU TRAILER

THIS FIELD IS FOR ERROR CONTROL CYCLIC REDENDANCY CHECK (CRC), WHICH WILL BE “0” FOR
X-BAND AND VALID FOR S-BAND.

5.1.1.4 REED-SOLOMON CHECK SYMBOLS

THE 160-BYTE REED-SOLOMON CHECK SYMBOLS PROVIDE ERROR DETECTION AND FORWARD
ERROR CORRECTION CAPABILITY.

5.1.2 B_PDU TELEMETRY FORMAT

THE B_PDUS WILL BE THE INTERNAL CADU FORMAT FOR THE ADVANCED LAND IMAGER (ALI)
DATA. THE B_PDU HEADER IS DEFINED AS FOLLOWS:

1. SPARE (2)—THIS FIELD IS CURRENTLY UNDEFINED BY CCSDS; BY CONVENTION,
THEREFORE, IT SHALL BE SET TO THE RESERVED VALUE OF “00”.

2. BITSTREAM DATA POINTER (14)—BECAUSE IT MAY BE NECESSARY TO INSERT FILL
DATA IF AN INSUFFICIENT NUMBER OF BITSTREAM DATA BITS HAVE BEEN RECEIVED
BEFORE A B_PDU IS RELEASED FOR TRANSMISSION, THE BITSTREAM DATA POINTER
INDICATES THE LOCATION OF THE LAST VALID USER DATA BIT WITHIN B_PDU
BITSTREAM DATA ZONE (I.E., THE BOUNDARY BETWEEN USER DATA AND ANY
INSERTED FILL). THIS 14-BIT FIELD CONTAINS A BINARY COUNT “B” (MODULO 16384),
WHICH WHEN INCREMENTED BY “1” POINTS DIRECTLY TO THE NUMBER OF THE LAST
VALID USER DATA BIT WITHIN THE B_PDU BITSTREAM DATA ZONE (STARTING AT BIT 1,
WHICH IS THE FIRST BIT WITHIN THE BITSTREAM DATA ZONE). THE COUNT “B” IS
EXPRESSED AS

B = {(NUMBER OF THE BIT) - 1}

IF THERE ARE NO FILL DATA IN THE BITSTREAM DATA ZONE (I.E., THE B_PDU CONTAINS
ONLY VALID USER DATA), THE BITSTREAM DATA POINTER SHALL BE SET TO THE
VALUE “ALL ONES”. IF THERE ARE NO VALID USER DATA IN THE BITSTREAM DATA
ZONE (I.E., THE B_PDU CONTAINS ONLY FILL), THE BITSTREAM DATA POINTER SHALL
BE SET TO THE VALUE “ALL ONES MINUS ONE”.
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3. B_PDU BITSTREAM DATA ZONE—THE BITSTREAM DATA ZONE CONTAINS EITHER A
FIXED-LENGTH BLOCK OF THE USER BITSTREAM DATA (POSSIBLY TERMINATED WITH
FILL DATA AT A LOCATION DELIMITED BY THE BITSTREAM DATA POINTER) OR A
FIXED-LENGTH PROJECT-SPECIFIED FILL PATTERN.

THE B_PDUS HAVE AN INSERT ZONE FOR WARP RECORDER MANAGEMENT. INCLUDED ARE THE
FOLLOWING FIELDS:

1. FILE ID (16)—THIS IS THE 16-BIT ID OF THE FILE THAT IS BEING PLAYED BACK.

2. RECORDED VCDU COUNTER—THIS FIELD IS SET TO “0” AT THE RECORDED BEGINNING
OF THE FILE. IT CAN BE USED TO DETERMINE WHICH PIECE OF DATA OF A PARTICULAR
FILE THIS CADU CONTAINS.

THE BITSTREAM CADU FORMAT IS SHOWN IN FIGURE 5-1.

1100 bytes
4

bytes
160

bytes

Total CADU Length = 1264 bytes

Ver
No.

232

Recorded
VCDU Cntr

32

S/C
ID

8

File ID

16

Spare

7

Replay
Flag

1

VCDU
Cntr

24

Virt
Ch

6

VCDU Primary HeaderVCDU Primary Header VCDU Insert ZoneVCDU Insert Zone

Pixel Data

8,688

VCDUVCDU
TrailerTrailer

Err Ctrl
CRC

16

RSRS
CheckCheck

SymbolsSymbols

SyncSync
MarkMark

1280

16 bytes Inserted by the
WARP S/W at Playback

1086 bytes Recorded
H/K Data from the

Bulk Memory

160 bytes
Inserted
by
H/W at
Playback

2 bytes 0s Padded by
S/W and Injected by

H/W at Playback

Data Zone

1_40005_23.001.ppt97

Figure 5-1. Bitstream CADU Format

CADU DATA, INCLUDING THE CHECK SYMBOLS BUT EXCLUDING THE SYNC MARK, ARE PSEUDO-
RANDOMIZED FOLLOWING THE CCSDS TELEMETRY CHANNEL CODING RECOMMENDATIONS.
THE PSEUDO-RANDOMIZED DATA IS SENT TO THE RF-EXCITER IN NRZ-L FORMAT.

THE DETAILS OF THE X-BAND DATA FORMATS ARE INCLUDED IN SECTION 6.

5.1.3 M_PDU TELEMETRY FORMAT

EO-1 SPACECRAFT AND INSTRUMENT HOUSEKEEPING DATA WILL BE FORMATTED ACCORDING
TO THE CCSDS PACKET TELEMETRY RECOMMENDATIONS. THE PACKET FORMAT IS PROVIDED IN
FIGURE 5-2.
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FOR INDIVIDUAL PACKET DATA FORMATS, SEE THE EO-1 COMMAND AND TELEMETRY HANDBOOK

AND INDIVIDUAL SUBSYSTEM DOCUMENTATION (E.G., MINI-SPECS).

VCDU 
PRIMARY 
HEADER

VCDU
 INSERT

ZONE

M_PDU
HEADER

M_PDU
 PACKET

DATA ZONE
VCDU 

TRAILER

32

SYNC
MARK R/S CHECK

SYMBOLS

1280=160*8

8640=1080*8

8800=1100*8

10112 = 1264*8

VER
#

2

S/C
ID

8

VIRT.
CHAN

6

VCDU
CNTR

24

RE-
PLAY
FLAG

1

CLCW

32

ERROR
CNTL
CRC

16

S
P
A
R
E

6

RCDR
ID

8

S
P
A
R
E

8

RECORDED
VCDU CNTR

32

S
P
A
R
E

5

1ST HDR
POINTER

11

TIME
BIT

1

Figure 5-2. EO-1 Telemetry CADU—VC0

THE M_PDU CADUS HAVE AN INSERT ZONE FOR WARP C&DH RECORDER MANAGEMENT.
INCLUDED ARE THE FOLLOWING FIELDS:

1. RECORDER ID (8)—THIS IS THE 8-BIT ID OF THE VIRTUAL RECORDER THAT IS BEING
PLAYED BACK.

2. SPARE (8)—THESE SPARE BITS ARE SET TO “0”.

3. RECORDED VCDU COUNTER (32)—THIS FIELD IS SET TO 0 AT THE RECORDED
BEGINNING OF THE FILE. IT CAN BE USED TO DETERMINE WHICH PIECE OF DATA OF A
PARTICULAR FILE THIS CADU CONTAINS.

THE M_PDU HEADER CONTAINS TWO FIELDS:

1. SPARE (5)—THIS FIELD WILL CONTAIN THE VALUE “0”.

2. FIRST HEADER POINTER (11)—THIS FIELD POINTS TO THE FIRST PACKET IN THE VCDU
AS PER CCSDS RECOMMENDATIONS.

THE PACKET DATA ZONE CONTAINS THE PACKET DATA. FOR VCDUS WITH THE COMMAND LINK
CONTROL WORDS (CLCWS), 1080 OCTETS OF PACKET DATA ARE INCLUDED IN THE PACKET DATA
ZONE. FOR VCDUS WITHOUT THE CLCW, 1084 OCTETS OF DATA ARE INCLUDED IN THE PACKET
DATA ZONE.
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5.1.4 TELEMETRY PACKET FORMAT

THE TELEMETRY SOURCE PACKET OF THE RETURN LINK HOLDS THE SPACECRAFT AND
INSTRUMENT HOUSEKEEPING DATA THAT ARE TO BE TRANSPORTED FROM THE EO-1
SPACECRAFT TO THE GROUND.

THE EO-1 C&DH TAKES THE APPLICATION DATA AND ENCAPSULATES THEM IN THE TELEMETRY
SOURCE PACKET FORMAT. THE SOURCE PACKET CONSISTS OF A PRIMARY HEADER, A
SECONDARY HEADER, AND THE APPLICATION DATA, SHOWN IN FIGURE 5-3.

Packet Sequence Control Packet
Length

Secondary
Header

User Data
Field

Packet Identification

Type Secondary
Header Flag

Application
Process ID

Version

‘1’‘000’ ‘1’=present (0-2046 decimal)
(2047 dec. = fill)

(3) (1) (1) (11)

Sequence
Flags

Source Sequence
Count

(2) (14)

Packet
Length

Time
Code

Application
Data

(16) (64) (N*8)

1_40005_23.002.ppt97

Figure 5-3. CCSDS Telemetry Packet

THE CCSDS PACKET FIELDS ARE AS FOLLOWS:

1. VERSION NUMBER (3)—THESE 3 BITS ARE SET TO “0” PER CCSDS STANDARDS.

2. TYPE (1)—FOR TELEMETRY PACKETS, THIS BIT IS SET TO “0”. NOTE THAT THIS BIT IS
NOT USED IN THE AOS STANDARD, BUT MAY BE SET TO EITHER A “0” OR A “1”.

3. SECONDARY HEADER FLAG (1)—THIS BIT IS SET TO “1” TO INDICATE THE PRESENCE OF
A SECONDARY HEADER.

4. APPLICATION PROCESS ID (11)—THIS IS THE PRIMARY METHOD FOR IDENTIFYING
PACKETS. THE C&DH IMPLEMENTATION IS LIMITED TO TBD UNIQUE TELEMETRY
APPLICATION IDS.

5. SEGMENT FLAGS (2)—EO-1 TELEMETRY PACKETS WILL NOT BE SEGMENTED SO THIS
FIELD WILL BE SET TO “11” (BASE 2).

6. SOURCE SEQUENCE COUNT (14)—AS PER CCSDS, THIS 14-BIT COUNTER MAINTAINED
FOR EACH APPLICATION ID THAT INCREMENTS FOR EACH PACKET GENERATED WITH
THE SPECIFIED APPLICATION ID.

NOTE: THIS FIELD IS USED BY THE C&DH TO FILTER TELEMETRY PACKETS TO A
DESIRED TRANSMISSION RATE. EACH APPLICATION ID HAS AN ASSOCIATED
FILTER FACTOR. PACKETS WILL BE TRANSMITTED WHEN THE SOURCE
SEQUENCE COUNT MODULO FILTER FACTOR = OFFSET, WHERE OFFSET <
FILTER FACTOR.

7. PACKET LENGTH (16)—THE OVERALL PACKET LENGTH WILL BE RESTRICTED TO NO
MORE THAN TBD BYTES. THIS ACTUAL PACKET LENGTH IS RESTRICTED TO AN EVEN
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NUMBER OF BYTES. THIS FIELD WILL CONTAIN THE ACTUAL PACKET LENGTH -7 AND
WILL ALWAYS CONTAIN AN ODD NUMBER.

8. SECONDARY HEADER (64)—ALL TELEMETRY PACKETS INCLUDE A SECONDARY
HEADER CONTAINING THE SPACECRAFT TIME. THE FIRST 32 BITS OF THE SECONDARY
HEADER WILL CONTAIN THE “SECONDS” PORTION OF THE SPACECRAFT TIME CODE
AND THE SECOND 32 BITS WILL CONTAIN THE “SUBSECONDS”.

9. APPLICATION DATA—THIS FIELD CONTAINS APPLICATION DATA.

5.2 TELEMETRY DATA ENCODING

5.2.1 REED-SOLOMON CODE

THE REED-SOLOMON CODE IS DEFINED IN CCSDS 101.0-B-3: TELEMETRY CHANNEL CODING, BLUE
BOOK, ISSUE 3, MAY 1992. TO ENSURE 32-BIT COMPATIBILITY, THE TECHNIQUE OF “VIRTUAL
FILL” IS USED. THE VIRTUAL FILL, WHICH IS NOT TRANSMITTED TO THE GROUND, IS USED TO
SHORTEN EACH REED-SOLOMON CODE BLOCK BY “N” OCTETS. FOR EO-1, I = 5 (INTERLEAVE
DEPTH) AND N = 15 (VIRTUAL FILL). THE SHORTENED REED-SOLOMON CODE IS (250,232). THE
CODED VIRTUAL CHANNEL DATA UNIT (CVCDU) LENGTH WITH THE VIRTUAL FILL IS
1275 OCTETS (10,200 BITS). AS STATED ABOVE, THE VIRTUAL FILL IS NOT DOWNLINKED, THUS A
CVCDU IS 1260 BYTES (10,080 BITS) IN LENGTH.

5.2.2 PSEUDO-RANDOM CODE

THE SYNCHRONIZATION MARKER IS NOT PSEUDO-RANDOMIZED. THE PSEUDO-RANDOM CODE IS
APPLIED AFTER THE REED-SOLOMON CHECK SYMBOLS ARE GENERATED. THE CADUS ARE
RANDOMIZED AS DEFINED IN CCSDS 101.0-B-3: TELEMETRY CHANNEL CODING, BLUE BOOK,
ISSUE 3, MAY 1992.

5.2.3 CHECKSUM COMPUTATION

FOR S-BAND DATA, A CHECKSUM IS INCLUDED IN THE VCDU TRAILER FIELD.

THE CRC CONTAINED WITHIN THIS FIELD SHALL BE CHARACTERIZED AS FOLLOWS:

1. THE GENERATOR POLYNOMIAL SHALL BE G(X) = X**16 + X**12 + X**5 + 1

2. BOTH ENCODER AND DECODER SHALL BE INITIALIZED TO THE “ALL ONES” STATE FOR
EACH VCDU.

3. PARITY “P” GENERATION SHALL BE PERFORMED OVER THE ENTIRE VCDU EXCLUDING
THE FINAL 16-BIT VCDU ERROR CONTROL FIELD.

4. THE GENERATED PARITY SYMBOLS SHALL THEN BE INSERTED INTO THE VCDU ERROR
CONTROL FIELD, WHICH OCCUPIES THE FINAL 16-BITS OF THE VCDU.
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5.2.4 CONVOLUTIONAL CODE

NOTE: CONVOLUTIONAL CODE WILL BE USED FOR THE 2-KBPS S-BAND LINK TO TDRSS.
CONVOLUTIONAL ENCODING WILL NOT BE USED FOR DOWNLINKS TO GROUND
STATIONS.

CONVOLUTIONAL CODING IS IMPLEMENTED AS DEFINED IN CCSDS 101.0-B-3: TELEMETRY
CHANNEL CODING, BLUE BOOK, ISSUE 3, MAY 1992. THE CONVOLUTIONAL CODE HAS THE
FOLLOWING CHARACTERISTICS:

• CONVOLUTIONAL CODE WITH MAXIMUM- LIKELIHOOD (VITERBI) DECODING

• CODE RATE: ½ BIT PER SYMBOL

• CONSTRAINT LENGTH: 7 BITS

• CONNECTION VECTORS: G1 = 111001; G2 = 1011011

• PHASE RELATIONSHIP: G1 IS ASSOCIATED WITH FIRST SYMBOL

• SYMBOL INVERSION: ON OUTPUT OF G2

5.2.5 MODULO-4 GREY CODE DIFFERENTIAL ENCODER

WAITING FOR SCIENTIFIC-ATLANTA SPECIFICATION FOR DIFFERENTIAL DECODING.

5.2.6 QUADRIPHASE SHIFT KEY ENCODER

THE I AND Q CHANNEL DATA WILL BE QPSK ENCODED AS FOLLOWS:

I=0,Q=0     0  DEGREES

I=0,Q=1   90  DEGREES

I=1,Q=1 180  DEGREES

I=1,Q=0 -90 DEGREES
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SECTION 6.  WARP-TO-GROUND SYSTEM ICD FOR
PLAYBACK CONTROL AND DATA FORMATS –

REVISION D

6.1 OVERVIEW

6.1.1 SCOPE

THIS SECTION PROVIDES THE DEFINITIONS OF THE PLAYBACK DATA FORMATS BETWEEN THE
WARP AND THE GROUND SEGMENT. THE DOCUMENT CONTAINS BOTH THE S-BAND AND X-BAND
DATA PLAYBACK FORMATS AS WELL AS AN OVERVIEW OF THE WARP COMMANDS NECESSARY
TO CONTROL DATA ACQUISITION, STORAGE, AND PLAYBACK.

6.1.2 REFERENCES

SPEC ID TITLE SOURCE DATE

WARP582-00XX RECORDER MANAGEMENT (RM)
SOFTWARE SPECIFICATION

GSFC 735/DSC 8/12/97

EO-1 COMMAND AND TELEMETRY
HANDBOOK

GSFC
735/LITTON

CCSDS BLUE BOOKS
WARP735-0023 RS-422 TERMINAL BOARD MINI

SPECIFICATION

6.2 DATA STORAGE AND PLAYBACK CONTROL

BOTH SCIENCE AND SPACECRAFT HOUSEKEEPING DATA ARE STORED IN THE BULK MEMORY IN
LOGICAL FILE STRUCTURES. THE RECORDER MANAGEMENT (RM) SOFTWARE SPECIFICATION

CONTAINS DETAILS ON THE FILE SYSTEM. EACH FILE CONTAINS DATA FROM A SINGLE
SPACECRAFT HOUSEKEEPING DATA RECORD SESSION OR FROM A SINGLE SCIENCE DATA INPUT
CHANNEL (I.E., MS/PAN) ASSOCIATED WITH A SCIENCE DATA SCENE ACQUISITION. HENCE DATA
RECORD AND PLAYBACK COMMANDS COMMUNICATE TO THE WARP SOFTWARE IN TERMS OF
FILE TRANSACTIONS.

THE FOLLOWING COMMANDS CAN INITIATE THE WARP TO PERFORM RECORD AND S-BAND/X-
BAND PLAYBACK OPERATIONS. ALL COMMANDS TO THE WARP ARE FIRST RECEIVED BY THE
C&DH FROM THE GROUND FOR REAL-TIME DISTRIBUTION OR FOR SUBSEQUENT STORED
COMMAND PROCESSOR EXECUTION. AT THE PROPER TIME, COMMANDS ARE TRANSMITTED
ACROSS THE SPACECRAFT’S 1773 BUS FOR PROMPT EXECUTION BY WARP SOFTWARE.

THE WARP DOES NOT HAVE THE EXACT START AND STOP SPACECRAFT TIMES ASSOCIATED
WITH A SCENE ACQUISITION. THIS INFORMATION MUST BE DERIVED FROM THE SCIENCE
INSTRUMENTS’ HOUSEKEEPING TELEMETRY RECORDED DURING SCIENCE DATA ACQUISITION.
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============================================
TBD  START AND STOP TIME FOR SCIENCE DATA FROM WARP
===========================================

6.2.1 SCIENCE DATA ACQUISITION AND STORAGE COMMANDS

TBS

6.2.2 S-BAND PLAYBACK CONTROL COMMANDS

THE FOLLOWING COMMAND STARTS AN S-BAND PLAYBACK SESSION. IT IS ASSUMED THAT THE
S-BAND COMMUNICATIONS REMOTE SERVICES NODE (RSN) HAS ALREADY BEEN COMMANDED
TO THE PROPER CONFIGURATION.

• • S-BAND QUEUE FILE COMMAND. UPON RECEIVING THIS COMMAND, THE WARP
QUEUES THE SPECIFIED FILE(S) FOR S-BAND PLAYBACK. THE WARP THEN
AUTOMATICALLY FETCHES DATA FROM THE FIRST FILE IN THE QUEUE, FORMATS THIS
DATA INTO CADUS, AND SENDS THEM OUT TO THE C&DH VIA THE MEDIUM-SPEED
SERIAL PORT (MSSP) TO THE S-BAND TRANSPONDER. THE MAXIMUM FILE QUEUE DEPTH
IS 64. ONCE ALL SPECIFIED FILES IN THE QUEUE ARE PLAYED BACK, THE WARP
TERMINATES OUTPUT OPERATIONS TO THE MSSP, RESULTING IN THE OUTPUT OF FILL
FRAMES BY THE S-BAND COMMUNICATIONS RSN HARDWARE ON VIRTUAL CHANNEL 63.
WHEN THE WARP DETECTS A NON-EMPTY QUEUE AGAIN (I.E., ANOTHER S-BAND QUEUE
FILE COMMAND IS RECEIVED), IT WILL AGAIN START OUTPUT DATA TO THE
COMMUNICATIONS RSN.

TO DEQUEUE A FILE OR ABORT THE ENTIRE S-BAND PLAYBACK SESSION, SEND THE FOLLOWING
COMMAND TO WARP:

• S-BAND DEQUEUE FILE COMMAND. THIS COMMAND IS USED TO PREVENT QUEUED
FILES FROM BEING PLAYED BACK OR TO TERMINATE THE PLAYBACK OF A FILE
CURRENTLY BEING PLAYED BACK OVER THE S-BAND TRANSPONDER. IF THE SPECIFIED
FILE(S) ARE QUEUED, THEY ARE DEQUEUED. IF A SPECIFIED FILE IS CURRENTLY BEING
PLAYED BACK, THE PLAYBACK DATA STREAM WILL SWITCH TO THE NEXT QUEUED
FILE, IF ANY, AT THE NEAREST POSSIBLE CADU BOUNDARY. IF THE SPECIFIED FILE ID IS
0XFFFF, THE ENTIRE QUEUE IS EMPTIED. IF NO MORE FILES ARE IN THE QUEUE, DATA
OUTPUT ON MSSP WILL CEASE, RESULTING IN THE OUTPUT OF FILL FRAMES BY THE S-
BAND COMMUNICATIONS RSN.

6.2.3 X-BAND PLAYBACK CONTROL COMMANDS

THE FOLLOWING COMMANDS, IN THE SEQUENCE GIVEN HERE, ARE REQUIRED TO INITIATE AN X-
BAND PLAYBACK OPERATION:

1. START X-BAND OUTPUT COMMAND. WHEN THIS COMMAND IS RECEIVED, THE WARP
INITIATES OUTPUT OF FILL FRAMES (VIRTUAL CHANNEL 63, FILL PATTERN 0XEB90) TO
BOTH THE I AND Q CHANNELS OF THE X-BAND TRANSPONDER VIA THE MEMORY
INTERFACE CARD (MIC). FILL FRAMES ARE OUTPUT CONTINUOUSLY UNTIL EITHER ONE
OF TWO CONDITIONS ARE MET:
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A. RECEIPT OF A VALID X-BAND QUEUE FILE COMMAND

B. RECEIPT OF A STOP X-BAND OUTPUT COMMAND

THE EXACT FORMAT OF THE FILL FRAMES IS DESCRIBED IN SECTION 4.

2. X-BAND QUEUE FILE COMMAND. THERE IS A SINGLE PLAYBACK QUEUE FOR BOTH X-
BAND CHANNELS. THIS COMMAND OUTPUTS A FILE TO EITHER QUEUE. ONCE A FILE IS
IN ONE QUEUE, THE WARP WILL BEGIN TO OUTPUT DATA OF THE FIRST FILE OF THAT
QUEUE ON THAT PARTICULAR CHANNEL. WHENEVER THE QUEUE IS EMPTY, FILL
FRAMES WILL GO OUT ON THAT PARTICULAR CHANNEL. WARP WILL REJECT THIS
COMMAND IF THE <START X-BAND OUTPUT> COMMAND DISCUSSED PREVIOUSLY HAS
NOT BEEN RECEIVED.

THE FOLLOWING COMMAND DEQUEUES A FILE OR EMPTIES A QUEUE FROM EITHER I OR Q
CHANNEL:

1. X-BAND DEQUEUE FILE COMMAND. IF THE SPECIFIED FILE IS INDEED IN THE QUEUE,
IT WILL BE DELETED FROM THE QUEUE. IF THE FILE IS CURRENTLY BEING PLAYED
BACK, THE PLAYBACK DATA STREAM OF THAT CHANNEL WILL SWITCH TO THE NEXT
QUEUED FILE, IF ANY, AT THE NEAREST CADU BOUNDARY. IF THE SPECIFIED FILE ID IS
0XFFFF, THEN THE ENTIRE QUEUE WILL BE EMPTIED. WHENEVER THE QUEUE IS EMPTY,
FILL FRAMES ARE OUTPUT TO BOTH CHANNELS.

THE FOLLOWING COMMAND TERMINATES AN X-BAND PLAYBACK SESSION:

1. STOP X-BAND FILL OUTPUT COMMAND. THIS COMMAND TERMINATES BOTH I AND Q
CHANNEL OUTPUT TO THE X-BAND TRANSPONDER.

6.2.4 COMMANDS VERSUS MODES OF OPERATION

DUE TO CERTAIN LIMITATIONS, CERTAIN COMMANDS CAN ONLY BE SENT WHEN THE WARP IS IN
CERTAIN MODES OF OPERATION. THE FOLLOWING TABLE SHOWS THE VALID COMMANDS EACH
MODE OF OPERATION. “REJECT” DENOTES THAT THE COMMAND WILL BE REJECTED, AND
“ACCEPT” DENOTES THAT THE COMMAND IS ACCEPTABLE UNDER THE CORRESPONDING MODE.

GROUND
COMMAND

STDBY INIT CONFIG SCI_REC SB_PB XB_PB

NO OP ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT
RESET COUNTERS ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT
FORMAT MEMORY ACCEPT REJECT REJECT REJECT REJECT REJECT
CONFIG MASKS ACCEPT REJECT REJECT REJECT REJECT REJECT
CONFIG REFRESH
INT

ACCEPT REJECT REJECT REJECT REJECT REJECT

START H/K
RECORD

ACCEPT REJECT REJECT ACCEPT REJECT REJECT

STOP H/K RECORD NO-OP NO-OP NO-OP NO-OP NO-OP NO-OP
START SCIENCE
RECORD

ACCEPT REJECT REJECT REJECT REJECT REJECT
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GROUND
COMMAND

STDBY INIT CONFIG SCI_REC SB_PB XB_PB

STOP SCIENCE
RECORD

NO-OP NO-OP NO-OP ACCEPT NO-OP NO-OP

S-BAND Q FILE REJECT REJECT REJECT REJECT ACCEPT REJECT
S-BAND DQ FILE REJECT REJECT REJECT REJECT ACCEPT REJECT
START XB OUTPUT ACCEPT REJECT REJECT REJECT ACCEPT ACCEPT
STOP XB OUTPUT NO-OP NO-OP NO-OP NO-OP NO-OP ACCEPT
XB Q FILE REJECT REJECT REJECT REJECT REJECT ACCEPT
XB DQ FILE REJECT REJECT REJECT REJECT REJECT ACCEPT
RESET EDAC ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT ACCEPT
DELETE FILE ACCEPT ACCEPT REJECT REJECT REJECT REJECT
DEALLOCATE
BLOCKS

ACCEPT ACCEPT REJECT REJECT REJECT REJECT

6.3 PLAYBACK CCSDS FRAME FORMATS

PLAYBACK DATA IS IN THE CADU FORMAT THAT IS BASED ON THE X-RAY TIMING EXPLORER
(XTE) CADU LAYOUT (INTERLEAVING DEPTH = 5). ONLY 1086 BYTES OF A CADU COME STRAIGHT
FROM THE BULK MEMORY. THE 4-BYTE SYNC MARK, THE 6-BYTE VCDU PRIMARY HEADER, AND
THE 6-BYTE VCDU INSERT ZONE WILL BE INSERTED AT PLAYBACK BY THE MIC (FOR X-BAND) OR
BY THE M-5 PROCESSOR (FOR S-BAND). THE 2-BYTE ERROR CONTROL CRC WILL BE PADDED WITH
ZERO BY THE MIC HARDWARE DURING X-BAND TRANSMISSION OR BY THE WARP SOFTWARE
DURING S-BAND TRANSMISSION. DURING S-BAND PLAYBACKS, THE COMMUNICATIONS RSN
INSERTS VALID DATA INTO THIS FIELD. THE LAST 160-BYTE LONG REED-SOLOMON CHECK
SYMBOLS ARE INSERTED DURING PLAYBACK BY THE S-BAND COMMUNICATIONS RSN (S-BAND)
OR THE MIC (X-BAND).

6.3.1 SPACECRAFT HOUSEKEEPING DATA FRAMES

THE PROCESSOR RECEIVES THE SPACECRAFT HOUSEKEEPING DATA FROM C&DH. ONLY THE 2-
BYTE M_PDU HEADER AND THE 1084-BYTE M_PDU PACKET DATA ZONE ARE RETAINED AND
SENT TO THE BULK MEMORY. THIS DATA WILL BE RETRIEVED AT PLAYBACK.

DURING S-BAND PLAYBACK, THE WARP PROCESSOR INSERTS THE 4-BYTE SYNC MARK, THE 6-
BYTE VCDU PRIMARY HEADER, AND 6-BYTE VCDU INSERT ZONE PRIOR TO S-BAND OUTPUT. THE
WARP PROCESSOR ALSO PADS THE 2-BYTE ERROR CONTROL CRC FIELD WITH ZEROS. THE S-
BAND COMMUNICATIONS RSN HARDWARE INSERTS THE ERROR CONTROL CRC INTO THE VCDU
TRAILER AND APPENDS THE 160-BYTE REED-SOLOMON CHECK SYMBOLS. THE RECORDED VCDU
COUNTER IN THE VCDU INSERT ZONE INDICATES THE RECORD NUMBER WITHIN A PARTICULAR
FILE. THE FIRST RECORD OF EACH FILE HAS A VCDU COUNTER VALUE OF 1.

DURING X-BAND PLAYBACKS, THE MIC INSERTS THE 4-BYTE SYNC MARK, 6-BYTE VCDU
PRIMARY HEADER, AND 6-BYTE VCDU INSERT ZONE AND SENDS TO THE X-BAND TRANSPONDER.
THE ERROR CONTROL CRC WILL CONTAIN ZEROS. THE CADU IS APPENDED WITH 160-BYTE LONG
REED-SOLOMON CHECK SYMBOLS AT THE END. SEE FIGURE 6-1 FOR THE FORMAT.
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1100 bytes
4

bytes
160

bytes

Total CADU Length = 1264 bytes

Ver
No.

232

Recorded
VCDU Cntr

32

S/C
ID

8

File ID

16

Spare

7

Replay
Flag

1

VCDU
Cntr

24

Virt
Ch

6

VCDU Primary HeaderVCDU Primary Header VCDU Insert ZoneVCDU Insert Zone M_PDUM_PDU
HeaderHeader

Spare

5

1st Hdr
Pointer

11

M_PDU PacketM_PDU Packet
Data ZoneData Zone

Packet
Data

8,672

VCDUVCDU
TrailerTrailer

Err Ctrl
CRC

16

RSRS
CheckCheck

SymbolsSymbols

SyncSync
MarkMark

1280

16 bytes Inserted by WARP
during S-band and by MIC

during X-band

1086 bytes Recorded
H/K Data from the

Bulk Memory

1_40005_23.003.ppt97

Figure 6-1. Spacecraft Housekeeping Data Frame Format

6.3.2 RAW SCIENCE DATA FRAMES

THE RAW SCIENCE DATA FRAME FORMATS FOR S-BAND AND X-BAND ARE IDENTICAL. THE
COMMON FORMAT IS DEPICTED IN FIGURE 6-2.

1100 bytes
4

bytes
160

bytes

Total CADU Length = 1264 bytes

Ver
No.

232

Recorded
VCDU Cntr

32

S/C
ID

8

File ID

16

Spare

7

Replay
Flag

1

VCDU
Cntr

24

Virt
Ch

6

VCDU Primary HeaderVCDU Primary Header VCDU Insert ZoneVCDU Insert Zone

Pixel Data

8,688

VCDUVCDU
TrailerTrailer

Err Ctrl
CRC

16

RSRS
CheckCheck

SymbolsSymbols

SyncSync
MarkMark

1280

16 bytes Inserted by the
WARP S/W at Playback

1086 bytes Recorded
H/K Data from the

Bulk Memory

160 bytes
Inserted
by
H/W at
Playback

2 bytes 0s Padded by
S/W and Injected by

H/W at Playback

Data Zone

1_40005_23.001.ppt97

Figure 6-2. Raw Science Data Frame Format
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6.3.3 CADU FIELD DESCRIPTIONS

THE M_PDU HEADER AND M_PDU PACKET DATA ZONE FIELDS ARE ASSOCIATED WITH CCSDS
AOS PACKETIZED TELEMETRY AND ARE NOT DISCUSSED IN THIS SECTION. DETAILS OF THESE
FIELDS CAN BE FOUND IN THE RELEVANT C&DH SOFTWARE DOCUMENTATION OR THE CCSDS
BLUE BOOKS.

6.3.3.1 SYNC MARK

ITEM DEFINITION

1. SYNCHRONIZATION
MARKER

CADU SYNC FOR TRANSMISSION OVER SPACE-TO-GROUND
COMMUNICATION LINK; ITS VALUE IS “1ACFFC1D”.

6.3.3.2 VCDU PRIMARY HEADER

ITEM DEFINITION

1. VERSION # ITS VALUE IS BINARY “01”, WHICH IS THE VALUE FOR AN CCSDS
AOS TELEMETRY FRAME.

2. SPACECRAFT ID ITS VALUE IS DECIMAL “393”, OCTAL “611”, OR “189”
HEXADECIMAL.

3. VIRTUAL CHANNEL
ID

           VALUE DESCRIPTION
0-2 RESERVED FOR SPACECRAFT C&DH

TRANSMITTED TELEMETRY
3 SCENE SPACECRAFT HOUSEKEEPING DATA
4 RAW SCIENCE DATA—WIS SWIR
5 RAW SCIENCE DATA—WIS VNIR
6 RAW SCIENCE DATA—GIS SWIR
7 RAW SCIENCE DATA—GIS VNIR
8 RAW SCIENCE DATA—MS/PAN
9 RAW SCIENCE DATA—ACU

4. VCDU COUNTER ITS VALUE REPRESENTS THE NUMBER OF THE CADU FRAME AND
IS CONTINUOUS FOR EACH VIRTUAL CHANNEL. THESE
COUNTERS ARE RESET TO “1” IF THE WARP PROCESSOR
EXPERIENCES A “COLD” RESTART.

5. REPLAY FLAG IT IS USUALLY “0”, BUT WILL BE SET TO 1 WHEN A KNOWN
DISCONTINUITY OCCURS IN THE VCDU COUNTER.

6. SPARE THIS FIELD IS ALWAYS “0”.

6.3.3.3 INSERT ZONE

ITEM DEFINITION

1. FILE ID THIS IS THE 16-BIT FILE ID OF THE FILE TO WHICH A
RECORDED VCDU IS A PART.

2. RECORDED VCDU
COUNTER

THIS FIELD IS EQUIVALENT TO A RECORDED RECORD
NUMBER.
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6.3.3.4 DATA ZONE

TBS

6.3.3.5 TRAILER

THIS FIELD IS FOR ERROR CONTROL CRC, WHICH WILL BE “0” FOR X-BAND AND USED BY THE S-
BAND COMMUNICATIONS RSN.

6.3.3.6 REED-SOLOMON CHECK SYMBOLS

THE 160-BYTE LONG REED-SOLOMON CHECK SYMBOLS ARE ENCODED BY THE MIC DURING X-
BAND PLAYBACK AND BY THE S-BAND TRANSPONDER COMMUNICATIONS RSN DURING S-BAND
PLAYBACK.

6.4 PLAYBACK DATA FORMAT

6.4.1 MS/PAN BAND DATA FILE

THE SCANLINE SYNC PATTERNS ARE INSERTED AT EVERY MS SCAN LINE START. THEREFORE,
SOME PAN PIXEL DATA COULD APPEAR BEFORE THE FIRST SCIENCE DATA SYNC PATTERN IF
PAN PIXELS COME TO THE WARP BEFORE THE MS. PLEASE REFER THE EO-1 WARP RS-422

TERMINAL BOARD MINI SPECIFICATION FOR DETAILS AND LATEST REVISIONS. THE DATA
FORMAT OF A PLAYED BACK MS/PAN FILE IS SUMMARIZED AS FOLLOWS:

BIT 0                                                                                                          BIT 95

PIXEL DATA
PIXEL
DATA

PIXEL
DATA

BAND
ID

PIXEL
DATA

PIXEL
DATA

BAND
ID

PIXEL
DATA

PIXEL
DATA

BAND
ID

 12 BIT       12 BIT    8 BIT     12 BIT    12BIT     8BIT    12 BIT     12 BIT       8 BIT
      MSB... LSB   MSB...LSB

.

.

.
BIT K

SCIENCE DATA SYNC PATTERN
72-BIT FIXED PATTERN + 24-BIT COUNTER

= 0XFF00FF00F0F0F0CCAA000000
96-BIT

BIT K+96

PIXEL DATA

.

.

.

SCIENCE DATA SYNC PATTERN
72-BIT FIXED PATTERN + 24-BIT COUNTER

= 0XFF00FF00F0F0F0CCAA000001
96-BIT

PIXEL DATA

.

.

.
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BIT N N+95

END OF SCIENCE DATA SYNC PATTERN
72-BIT FIXED PATTERN + 0XFFFFFF
= 0XFF00FF00F0F0F0CCAAFFFFFF

96-BIT
BIT N+96 M-1

END OF SCIENCE DATA FILL PATTERN
TILL THE END OF THE 1712-BYTE INTERLEAVED RS BLOCK

= REPEATED 0XA55A
(POSSIBLE RANGE OF LENGTH: 0 - 1709 BYTES)

BIT M EOF

END OF FILE FILL PATTERN
TILL END OF THE 934,752-BYTE LOGICAL BLOCK

= REPEATED 0X13C7
(POSSIBLE RANGE OF LENGTH: 0 - 933,040 BYTES)

6.4.2 ATMOSPHERIC CORRECTOR DATA FILE

THE DETAILS OF THE MS/PAN DATA FORMAT ARE UNKNOWN AT THIS TIME. HOWEVER, THE
PLAYBACK FILE WILL HAVE THE END-OF-SCIENCE DATA FILL PATTERN AND THE END-OF-FILE
(EOF) FILL PATTERN INSERTED AT THE
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BEGINNING AND AT THE END. THE ATMOSPHERIC CORRECTOR (AC) INSTRUMENT WILL INSERT
ITS OWN SCANLINE SYNC AMONG ITS 13-BIT PIXEL DATA. THE DATA FORMAT IS SUMMARIZED
AS FOLLOWS:

BIT 0
SCIENCE DATA

TBD
.
.
.

BIT N M-1
END OF SCIENCE DATA FILL PATTERN

TILL THE END OF THE 1712-BYTE INTERLEAVED RS BLOCK
= REPEATED 0XA55A

(POSSIBLE RANGE OF LENGTH: 0 - 1709 BYTES)

BIT M EOF
END OF FILE FILL PATTERN

TILL END OF THE 934,752-BYTE LOGICAL BLOCK
= REPEATED 0X13C7

(POSSIBLE RANGE OF LENGTH: 0 - 933,040 BYTES)

6.4.3 SPACECRAFT HOUSEKEEPING DATA FILE

THE FOLLOWING DIAGRAM SUMMARIZES THE DATA FILE FORMAT OF A SPACECRAFT
HOUSEKEEPING DATA FILE, WITHOUT THE 4-BYTE SYNC MARK, 6-BYTE VCDU PRIMARY HEADER,
2-BYTE ERROR CONTROL CRC, AND THE 160-BYTE REED-SOLOMON CHECK SYMBOL FROM THE
1264-BYTE CADU FRAME. THE SPACECRAFT HOUSEKEEPING DATA FILE DOES NOT CONTAIN A
FILE HEADER BLOCK. IN ADDITION, WHEN A SPACECRAFT HOUSEKEEPING DATA FILE IS PLAYED
BACK AT THE X-BAND, THE REPEATED END OF FILE FILL PATTERN (0X13C7) WILL APPEAR UNTIL
THE END OF THAT LOGICAL BLOCK. PLEASE NOTE THAT THIS PATTERN COULD BE SIGNIFICANTLY

SHORTER WHEN PLAYED BACK AT THE S-BAND FOR REDUCING THE PLAYBACK DURATION. ALSO

NOTE THAT IF THE END OF THE LAST SPACECRAFT HOUSEKEEPING TRANSFER FRAME ENDS RIGHT

AT THE END OF A LOGICAL BLOCK, THIS FILL PATTERN WILL NOT SHOW UP. FOR DETAILS AND THE
LATEST REVISIONS ON THE CONTENT OF THE SPACECRAFT HOUSEKEEPING DATA FILE, PLEASE
REFER TO THE EO-1 COMMAND AND TELEMETRY HANDBOOK.

BIT 0 48 64 8735
VCDU INSERT ZONE M_PDU HEADER M_PDU PACKET DATA ZONE
FILE ID RECORDE

D VCDU
CNTR

SPARE 1ST HDR
POINTER

PACKET DATA

(FIRST FRAME)
BIT 8736 8784 8800 17472

VCDU INSERT ZONE M_PDU HEADER M_PDU PACKET DATA ZONE
FILE ID RECORDE

D VCDU
CNTR

SPARE 1ST HDR
POINTER

PACKET DATA

(SECOND FRAME)
.
.
.

BIT N-8736 N-8688 N-8672 N-1
VCDU INSERT ZONE M_PDU HEADER M_PDU PACKET DATA ZONE
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FILE ID RECORDE
D VCDU
CNTR

SPARE 1ST HDR
POINTER

PACKET DATA

(LAST FRAME)
BIT N EOF

END OF FILE FILL PATTERN
TILL END OF THE 934,752-BYTE LOGICAL BLOCK

= REPEATED 0X13C7
(POSSIBLE RANGE OF LENGTH: 0 - 934,752 BYTES)
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SECTION 7.  COMMAND DATA FORMATS

THE EO-1 C&DH TELECOMMANDING SUBSYSTEM IS A SUBSET OF THE CCSDS STANDARD FOR
TELECOMMANDING.

THE OPTIONS IMPLEMENTED IN THE C&DH SUBSYSTEM ARE AS FOLLOWS:

• CHANNEL SERVICE—THE C&DH SUBSYSTEM WILL USE A 56-BIT WORD LENGTH WITH
8 BITS OF PARITY.

• TRANSFER FRAME LAYER

− C&DH WILL USE TWO VIRTUAL CHANNELS IN THE TRANSFER FRAME LAYER.

− C&DH WILL SUPPORT ONLY COMMAND OPERATION PROCEDURE NUMBER 1 (COP-1).

− C&DH WILL NOT SUPPORT TRANSFER FRAME ERROR CONTROL; C&DH IN SUPPORT
OF COP-1 WILL SUPPORT CONTROL COMMANDS ONLY FOR THE “UNLOCK” AND
“SET NEXT EXPECTED FRAME SEQUENCE NUMBER TO ZERO” FUNCTIONS.

− C&DH WILL SUPPORT A FIXED-SIZE FRAME ACCEPTANCE AND REPORTING
MECHANISM (FARM) “FARM SLIDING WINDOW” (SIZE=127) AND A FIXED-SIZE
“FARM NEGATIVE EDGE” (SIZE=63) OF THE “FARM SLIDING WINDOW”.

− C&DH WILL NOT SUPPORT ANY OTHER CONTROL COMMANDS.

− C&DH WILL NOT SUPPORT “FARM FIXED WINDOW” OPERATIONS.

− C&DH WILL MAKE NO USE OF THE CLCW STATUS FIELD.

− C&DH WILL NOT USE THE WAIT FIELD IN THE CLCW.

− C&DH WILL TELEMETER THE CLCW FOR COMMAND VIRTUAL CHANNEL 1 IN BOTH
HOUSEKEEPING PACKETS AND IN THE OPERATIONS CONTROL FIELD OF THE VCDU
FOR REAL-TIME DATA (VC0). THE C&DH WILL TELEMETER THE CLCW FOR
COMMAND VIRTUAL CHANNEL 2 ONLY IN A HOUSEKEEPING PACKET.

• SEGMENTATION LAYER—SEGMENTATION OF PACKETS ACROSS TRANSFER FRAMES
WILL NOT BE SUPPORTED. HOWEVER, THE COMMANDS WILL BE FORMATTED WITH THE
SEGMENTATION DATA INCLUDED TO ALLOW FOR FUTURE EXPANSION.

• PACKETIZATION LAYER—THE APPLICATION PROCESS ID WILL SERVE AS THE
PRINCIPAL METHOD FOR ADDRESSING ELEMENTS IN THE C&DH. ALL COMMAND
OCTETS WILL CONTAIN A SECONDARY HEADER THAT CONTAINS ADDITIONAL ROUTING
INFORMATION AND AN 8-BIT EXCLUSIVE-OR CHECKSUM OVER ALL APPLICATIONS
DATA AND PACKETIZATION LAYER HEADER.

7.1 COMMAND CHANNEL CODING

THE ENCODING SCHEME PRESENTED IN THE CCSDS STANDARD FOR TELECOMMANDING
PROVIDES A RELIABLE, ERROR CONTROLLED DATA PATH FROM GROUND TO SPACECRAFT. ALL
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COMMANDS AND DATA SENT TO THE SPACECRAFT WILL BE DIVIDED INTO CCSDS CODE BLOCKS,
WHICH CONSIST OF 56 INFORMATION BITS FOLLOWED BY 7 BITS OF PARITY AND 1 SPARE BIT,
MAKING A TOTAL OF 64 BITS OF ERROR CONTROLLED DATA.

ALL COMMAND DATA SENT TO THE SPACECRAFT WILL BE SENT WITH NRZ-L ENCODING.

TO ELIMINATE THE IMPACT OF THE TRANSMISSION OF LONG STRINGS OF ZEROS, THE DATA
PORTION OF THE COMMAND PACKETS (ON VIRTUAL CHANNEL 1) WILL BE RANDOMIZED BY
EXCLUSIVE-OR’ING THE DATA WITH A FIXED PATTERN OF “A5A5” (HEX).

7.2 COMMAND TRANSFER FRAME FORMAT

THE MAJOR UNIT OF DATA IN THE TELECOMMANDING IS THE TRANSFER FRAME.
TELECOMMAND TRANSFER FRAMES EXIST IN THE TRANSFER LAYER. THE TRANSFER LAYER
TAKES THE SOURCE PACKETS AND ENCAPSULATES THEM IN THE TRANSFER FRAME FORMAT.
THIS SECTION DESCRIBES ONE OF THE STANDARD DATA STRUCTURES THAT RESIDE WITHIN THE
TRANSFER LAYER, THE TELECOMMAND TRANSFER FRAME, WHICH IS UPLINKED TO THE EO-1
SPACECRAFT. A TRANSFER FRAME CONSISTS OF FOUR MAJOR FIELDS: FRAME HEADER,
SEGMENTATION LAYER, FRAME DATA FIELD, AND AN OPTIONAL FRAME ERROR CONTROL.
THESE FIELDS ARE SHOWN IN FIGURE 7-1.

SEQ 
FLAGS

MAP ID

2 6

SEGMENTATION 
LAYER

VERSION BY 
PASS 
FLG

CMD 
CNTL 
FLG

2 1 1

TRANSFER FRAME LAYER FRAME HEADER

SP
A

R
E

2

SPACE 
CRAFT ID

10

VIRTUAL 
CHANNEL ID

6

SPARE

2

FRAME 
LENGTH

8

FRAME 
SEQUENCE 

NUMBER
8

250 OCTETS MAXIMUM

START 
SEQUENCE

16

TAIL SEQUENCE

64

COMMAND LINK TRANSMISSION UNIT

DATA BITS

56 

SPA
R

E

1

PARITY CHECK 
BITS

7

TC CODEBLOCK SP
A

R
E

2

CNTL 
WORD 
TYPE 

"0"

1

CLCW 
VERSION 

 
"00"

2

STATUS 
FIELD

3

COP IN 
EFFECT

2

VIRTUAL 
CHANNEL 

IDENTIFICATION

6

NO RF 
AVAIL

NO 
BIT 

LOCK

LOCK-
OUT

WAIT RE- 
XMIT

FARM 
B 

CNTR

RPT 
TYPE REPORT  

VALUE

FLAGS

1 1 1 1 1 2 1
8

CLCW

VERSION TYPE SEC 
HRD 
FLG

APPLICATION 
PROCESS ID

3 1 1 11

SEQ. 
FLAGS

2 14

PACKETIZATION LAYER TELECOMMAND HEADER

PACKET  
LENGTH

16

SEQUENCE CNT APPLICATION DATA
OPTONAL 

CHECK SUM

tbs

2NDARY 
HEADER

Figure 7-1. EO-1 Telecommand Data Structures
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THE FRAME HEADER CONSISTS OF FIVE OCTETS OF INFORMATION THAT FULLY DESCRIBE THE
TRANSFER FRAME. THE FIRST TWO OCTETS CONTAIN THE FOLLOWING FIELDS:

1. VERSION NUMBER (2)—AT PRESENT, ONLY VERSION 1 OF THE TRANSFER FRAME
STANDARD IS IN USE, THEREFORE THESE 2 BITS ARE BOTH SET TO “0”.

2. BYPASS FLAG (1) AND COMMAND CONTROL FLAG (1)—THESE BITS ARE USED TO
DETERMINE IF A CONTROL COMMAND OR A BYPASS COMMAND IS BEING SENT.
NORMAL COMMANDS (ON VIRTUAL CHANNEL 1) MAY BE SENT IN BYPASS MODE
DURING EMERGENCY CONDITIONS THAT CALL FOR COMMANDING WITH NO
TELEMETRY FEEDBACK. ON VIRTUAL CHANNEL 1, THE C&DH USES COP-1 CONTROL
COMMANDS TO UNLOCK THE CHANNEL, OR TO SET THE NEXT FRAME NUMBER TO “0”.
SPECIAL COMMANDS (SEND ON VIRTUAL CHANNEL 2) MAY ONLY BE SENT IN BYPASS
MODE (I.E., THE BYPASS FLAG=1). NO CONTROL COMMANDS ARE PROCESSED FOR
VIRTUAL CHANNEL 2 SPECIAL COMMANDS.

3. SPARES (2)—THE 2 SPARE BITS ARE BOTH SET TO “0”.

4. SPACECRAFT ID (10)—THIS FIELD SPECIFIES A UNIQUE CODE FOR THE SPACECRAFT. THE
VALUE IS “189” HEXADECIMAL.

THE THIRD OCTET OF THE FRAME HEADER CONTAINS THE FOLLOWING FIELDS:

1. VIRTUAL CHANNEL ID (6)—FOR NORMAL SPACECRAFT COMMANDS, THE C&DH USES
VIRTUAL CHANNEL 1. FOR SPECIAL COMMANDS, C&DH USES VIRTUAL CHANNEL 2.

2. SPARES (2)—THE 2 SPARE BITS ARE BOTH SET TO “0”.

THE FOURTH OCTET OF THE FRAME HEADER CONSISTS OF ONLY ONE FIELD:

1. FRAME LENGTH (8)—THIS FIELD CONTAINS ONE LESS THAN THE TOTAL NUMBER OF
OCTETS IN THE TRANSFER FRAME.

THE FIFTH OCTET OF THE FRAME HEADER CONTAINS THE FOLLOWING FIELD:

1. FRAME SEQUENCE NUMBER (8)—THIS FIELD IS USED TO SUPPORT COP-1
TELECOMMAND OPERATIONS. IT ENSURES THAT COMMANDS ARE RECEIVED AND
PROCESSED IN THE PROPER SEQUENTIAL ORDER.

NOTE: BECAUSE ONLY BYPASS COMMANDS ARE PROCESSED ON VIRTUAL
CHANNEL 2, THIS FIELD WILL BE “0” ON VIRTUAL CHANNEL 2.

THE SEGMENTATION LAYER IS NOT SUPPORTED BY THE EO-1 C&DH. HOWEVER, FOR
COMPATIBILITY WITH FUTURE SYSTEMS, THE TWO FIELDS ASSOCIATED WITH SEGMENTATION
ARE INCLUDED IN COMMAND FORMATS:

1. SEQUENCE FLAGS (2)—THESE 2 BITS HAVE A VALUE OF “11” (BASE 2).

2. MAP ID (6)—C&DH WILL NOT USE THIS OPTION. THE MAP ID WILL HAVE A CONSTANT
VALUE OF “1”.

THE NEXT MAJOR FIELD OF THE TRANSFER FRAME ID IS THE FRAME DATA FIELD. THIS WILL
CONTAIN PACKETIZED COMMAND OR DATA. THE CCSDS STANDARD GIVES AN UPPER BOUND
FOR THIS FIELD OF 250 OCTETS. C&DH SUPPORTS THIS UPPER LIMIT.
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FOR VIRTUAL CHANNEL 1, THE ONLY CONTROL COMMANDS IMPLEMENTED IN C&DH ARE
“UNLOCK”, AND “SET NEXT EXPECTED FRAME SEQUENCE NUMBER TO ZERO.” OTHER CONTROL
COMMANDS ARE NOT SUPPORTED.

FOR VIRTUAL CHANNEL 2, NO CONTROL COMMANDS ARE SUPPORTED.

THE TRANSFER FRAME LAYER PRODUCES THE CLCW.

THE CLCW IS TELEMETERED IN THE OPERATIONAL CONTROL FIELD OF THE VCDU AND AS PART
OF A C&DH HOUSEKEEPING DATA PACKET. THE CLCW CONTAINS THE FOLLOWING FIELDS:

1. CONTROL WORD TYPE (1)—AS PER CCSDS, THIS FIELD WILL HAVE A VALUE OF “0”.

2. CLCW VERSION NUMBER (2)—AS PER CCSDS, THIS FIELD WILL HAVE A VALUE OF “0”.

3. STATUS FIELD (3)—NOT USED.

4. COP IN EFFECT (2)—ONLY COP-1 IS SUPPORTED. THIS FIELD WILL HAVE A VALUE OF
“00”.

5. VIRTUAL CHANNEL ID (6)—THIS FIELD WILL INDICATE WHICH VIRTUAL CHANNEL IS
BEING REPORTED IN THIS CLCW.

6. SPARES (2)—THESE 2 SPARE BITS COMPLETE THE SECOND OCTET AND BOTH ARE SET
TO “0”.

7. NO RF AVAILABLE(1)—THIS FIELD WILL CONTAIN INFORMATION OBTAINED FROM THE
TRANSPONDER INDICATING IF THE COMMAND DETECTOR IS IN LOCK.

8. NO BIT LOCK (1)—THIS FIELD WILL CONTAIN INFORMATION OBTAINED FROM THE
COMMAND DETECTOR INDICATING IF THE COMMAND DETECTOR IS IN LOCK.

9. LOCKOUT (1)—THIS FIELD IS USED IN COP-1 AS PER CCSDS STANDARDS.

10. WAIT (1)—THIS FIELD WILL NOT BE USED BY C&DH.

11. RETRANSMIT (1)—THIS FIELD IS USED IN COP-1 AS PER CCSDS STANDARDS.

12. FARM-B COUNTER (2)—THIS FIELD IS USED AS PER CCSDS STANDARDS TO PROVIDE
VERIFICATION OF BYPASS COMMANDS.

13. REPORT TYPE (1)—AS PER CCSDS STANDARDS FOR COP-1, THIS FIELD WILL HAVE A
FIXED VALUE OF “0”.

14. REPORT VALUE (8)—AS PER CCSDS STANDARDS FOR COP-1.

7.3 COMMAND DATA FORMAT

DATA RECEIVED ON VIRTUAL CHANNEL 1 IS PACKETIZED COMMAND DATA. DATA RECEIVED ON
VIRTUAL CHANNEL 2 IS SPECIAL COMMAND DATA.

7.3.1 PACKETIZED COMMAND DATA

THE TELECOMMAND PACKETIZATION LAYER ENCAPSULATES THE USER COMMANDS WITHIN
THE TRANSFER FRAME. THE CCSDS STANDARD DEFINES THE MAXIMUM PACKET SIZE OF
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65,542 OCTETS; HOWEVER, THE C&DH IMPLEMENTATION LIMITS THE PACKET LENGTH TO
250 OCTETS TO PREVENT A SINGLE TRANSMISSION FROM MONOPOLIZING THE COMMAND LINK.
THE COMMAND PACKET CONSISTS OF THREE MAJOR FIELDS: PACKET HEADER, APPLICATION
DATA, AND SECONDARY PACKET HEADER (OPTIONAL).

OF THE 250 OCTETS ALLOWED IN ONE PACKET, 6 ARE USED TO FORM THE PACKET HEADER. THE
PACKET HEADER CONSISTS OF THREE MAJOR FIELDS:

• PACKET IDENTIFICATION

• PACKET SEQUENCE CONTROL

• PACKET LENGTH

THE PACKET IDENTIFICATION FIELD CONSISTS OF INFORMATION DESCRIBING THE PACKET
FORMAT AND CONTENTS. THE TWO OCTETS OF THE PACKET IDENTIFICATION FIELD CONSIST OF
THE FOLLOWING FIELDS:

1. VERSION (3)—AT PRESENT ONLY VERSION 1 OF THE PACKET STANDARD IS DEFINED,
THEREFORE THESE 3 BITS WILL BE “0”.

2. TYPE (1)—FOR TELECOMMANDING THIS BIT IS SET TO “1”. NOTE THAT THIS BIT IS NOT
USED IN THE AOS STANDARD BUT MAY BE SET TO EITHER A “0” OR “1”.

3. SECONDARY HEADER FLAG (1)—THIS BIT IS SET TO ONE SIGNALING THE PRESENCE OF
A SECONDARY PACKET HEADER.

4. APPLICATION PROCESS ID (11)—THESE BITS WILL SERVE AS THE PRINCIPAL METHOD OF
ADDRESSING PACKETS TO USERS ONBOARD THE SPACECRAFT.

THE NEXT MAJOR FIELD OF THE PACKET HEADER IS THE PACKET SEQUENCE CONTROL. C&DH
DOES NOT USE THIS FIELD TO SUPPORT APPLICATION LAYER SEGMENTATION.

THE FINAL MAJOR FIELD OF THE PACKET HEADER IS THE PACKET LENGTH. THESE TWO OCTETS
CONTAIN A 16-BIT BINARY NUMBER THAT IS ONE MORE THAN THE APPLICATION DATA FILED IN
OCTETS.

THE SECOND MAJOR FIELD OF THE COMMAND PACKET IS THE OPTIONAL SECONDARY PACKET
HEADER. COMMANDS THAT ARE SENT TO C&DH SOFTWARE APPLICATIONS WILL USE A 2-BYTE
SECONDARY HEADER. THE SECONDARY HEADER CONSISTS OF THE FOLLOWING FIELDS:

1. ZERO(1)—THIS BIT IS SET TO “0” TO INDICATE THE SECONDARY HEADER IS NON-CCSDS
DEFINED.

2. FUNCTION CODE (7)—THIS FIELD IS USED TO IDENTIFY AN INDIVIDUAL COMMAND
ASSOCIATED WITH AN APPLICATION ID.

3. CHECKSUM (8)—THESE BITS ARE USED FOR AN EXCLUSIVE-OR CHECKSUM OF THE FULL
COMMAND. WHEN ALL BYTES IN THE COMMAND ARE EXCLUSIVE-OR’ED TOGETHER,
THE RESULTING VALUE WILL BE “1111 1111” (BASE 2).

THE FINAL MAJOR FIELD OF THE COMMAND PACKET IS THE APPLICATION DATA. THIS FIELD
CONTAINS THE DATA BITS THAT REPRESENT THE ACTUAL DATA TO BE TRANSMITTED TO THE
USER.
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NOTE THAT THE DATA PORTION OF THE COMMAND FIELD IS “RANDOMIZED” AS DESCRIBED IN
SECTION TBD. THIS RANDOMIZATION OCCURS AFTER THE GENERATION OF THE CHECKSUM IN
THE SECONDARY HEADER.

7.3.2 SPECIAL COMMAND DATA

ON VIRTUAL CHANNEL 2, SPECIAL COMMANDS MAY BE TRANSMITTED THAT ARE USED FOR
SPECIAL DATA SYSTEM RECONFIGURATION OPTIONS.

THE FORMAT OF THE SPECIAL COMMAND IS SHOWN IN FIGURE 7-2.

VERSION 
NUMBER

BY- 
PASS 
FLAG

2 1
00

Value for Special Command (underlined values checked by h/w decoder)
# of bits in field
Field Name

CNTL 
CMD 
FLAG

1

S/C 
ID

10

SPARE

2
00 000010

VIRTUAL 
CHAN ID

6
1 0 189

hex

FRAME 
SEQ #

00000000

SEQ 
FLGS

8 2

MAP ID

6

SPARE

1
0

UPLINK 
SIDE

1

SPECIAL 
CMD ID

6
11 000001 0 - A XXXXXX

0 - 7 hex

CODE 
BLOCK 

CRC
8

xxxxxxx0

SEGMENTATION SPECIAL CMD FIELDTRANSFER FRAME HEADER

SPARE

2
00

FRAME 
LENGTH

8
00000110

START 
SEQ.

16
eb90 
hex

1_40005_23.004.ppt97

Figure 7-2. Special Command Format

THE COMMANDS CONFORM TO THE CCSDS PROTOCOL WITH THE FOLLOWING RESTRICTIONS:

1. SPECIAL COMMANDS MAY ONLY BE SENT AS THE FIRST COMMAND OF A CLTU.

2. NO OTHER COMMAND MAY BE INCLUDED IN A CLTU CONTAINING A SPECIAL
COMMAND.
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SECTION 8.  TIME CODE AND TIME CORRELATION

8.1 TIME FORMAT

THE SPACECRAFT TIME FORMAT CONSISTS OF 32 BITS OF SECONDS AND 32 BITS OF
SUBSECONDS. THE SUBSECONDS FIELD IS DEFINED SUCH THAT 80000000 HEXADECIMAL = ½
SECOND, 40000000 HEXADECIMAL = ¼ SECOND, 20000000 HEX = 1/8 SECOND, ETC. THE
SPACECRAFT CLOCK WILL BE A FREE RUNNING CLOCK. THE SPACECRAFT WILL MAINTAIN A UTC
CORRELATION FACTOR, WHICH CORRELATES THE SPACECRAFT CLOCK TO UTC. THE UTC
CORRELATION FACTOR WILL BE TELEMETERED IN A SPACECRAFT HOUSEKEEPING PACKET.
ADDING THE CORRELATION FACTOR TO THE SPACECRAFT TIME WILL YIELD A DELTA TIME
FROM THE GPS EPOCH WHICH IS 80/006/00:00:00 OR JANUARY 6, 1980.

8.2 ONBOARD GPS RECEIVER

THE SPACECRAFT WILL MAINTAIN THE SPACECRAFT UTC CORRELATION FACTOR TO AN
ACCURACY OF +2 MS USING AN ONBOARD GPS RECEIVER.

8.3 TELEMETRY METHOD CORRELATION

THE RANGE DATA DELAY (RDD) METHOD WILL BE USED WITH NECESSARY RANGING
SCHEDULED AS NEEDED. AS A BACKUP TO GPS TIME CORRELATION, THE GROUND STATION WILL
APPEND THE TIME EACH VC0 CADU WAS RECEIVED AT THE GROUND STATION TO THE INTERNET
PROTOCOL DATA UNIT (IPDU) HEADER (SEE GROUND STATION INTERFACE APPENDIX). THIS TIME
WILL BE ACCURATE TO 1 MILLISECOND. IN ADDITION, THE SPACECRAFT WILL INCLUDE THE
TIME OF (TBD- WHICH FRAME DOES THIS TIME MARK?) VC0 CADUS IN THE TIME CODE
HOUSEKEEPING DATA PACKET.
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APPENDIX A.  INTERFACILITY DATA FLOWS

A.1 PURPOSE

THIS PORTION OF THE ICD CONTAINS THE MISSION-SPECIFIC ASPECTS OF THE DATA FLOWS
AMONG THE WGS (WHICH CONSISTS OF THE AGS, SGS, AND WPS) AND THE EO-1 MOC AT GSFC.
THE SECTIONS THAT FOLLOW CONTAIN CONTENT AND FLOW CONTROL REQUIREMENTS
NECESSARY FOR EFFECTIVE MISSION SUPPORT FOR FIVE TYPES OF COMMUNICATIONS
INTERFACES: TELEMETRY, COMMANDS, TRACKING DATA, SCHEDULES AND SUPPORTING DATA,
AND REPORTS.

A.1.1 GENERAL

FIGURE A-1 SHOWS THE INTERFACES AMONG THE EO-1 MOC AND WGS FOR THE DELIVERY OF
REQUIRED EO-1 PRODUCTS. TRANSMISSION CONTROL PROTOCOL/INTERNET PROTOCOL (TCP/IP)
SERVES AS THE BASIS FOR DATA EXCHANGES AMONG EO-1 GROUND SYSTEM ELEMENTS. REAL-
TIME DATA ARE TYPICALLY TRANSFERRED VIA TCP/IP SOCKETS, WHILE FILES ARE
TRANSMITTED WITH THE FILE TRANSFER PROTOCOL (FTP). ALL COMMAND AND S-BAND
TELEMETRY TRANSFERS BETWEEN THE MOC AND GN USE THE TRANSITION REGION AND
CORONAL EXPLORER (TRACE) DELIVERY FORMATS. THE TRACE DELIVERY FORMAT (TDF) IS
BASICALLY A TRACE HEADER CONCATENATED WITH A CCSDS-COMPLIANT DATA UNIT (I.E.,
COMMAND TRANSFER FRAME OR TELEMETRY CADU). THE TABLES IN APPENDIX B SHOW THE
COMPLETE TRACE HEADER STRUCTURE AND ASSOCIATED FIELD DEFINITIONS. SPECIFIC VALUES
APPLICABLE TO EO-1 TELEMETRY AND COMMANDS ARE FOUND IN SECTIONS A.2 AND A.3
RESPECTIVELY. TRACKING DATA, SCHEDULE FILES, AND REPORTS ARE ALL FILE-BASED
TRANSFERS WITH THE ORIGINATOR “PUSHING” THE FILES TO THE RECIPIENT. DETAILS ABOUT
THESE TYPES OF DATA ARE IN SECTIONS A.4 THROUGH A.6.

TBS

FIGURE A-1. EO-1 MOC/GN INTERFACE DIAGRAM

=================================================================
DETERMINE WHAT HAPPENS FOR PREPASS READINESS TEST (PRT)
===================================================================

INFORMATION NECESSARY FOR IP TRANSFERS INCLUDES NETWORK ADDRESSES, PORT
NUMBERS, AND PASSWORDS. BECAUSE THESE CAN CHANGE DURING THE MISSION, THEY WILL
NOT BE DOCUMENTED IN THIS ICD. OPERATIONS AGREEMENTS, MEMORANDA OF
UNDERSTANDING, AND SIMILAR ARRANGEMENTS OR DOCUMENTATION WILL PROVIDE THESE
PARAMETERS.
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A.2 TELEMETRY INTERFACE

A.2.1 GENERAL

EO-1 DOWNLINKS SCIENCE AND SPACECRAFT TELEMETRY IN THE X- AND S-FREQUENCY BANDS,
RESPECTIVELY.

FROM ANY OF THE WGS SITES, S-BAND TELEMETRY, WHICH INCLUDES BOTH REAL-TIME AND
PLAYBACK DATA, IS TRANSFERRED IN REAL TIME TO THE MOC. ALL COMMANDS AND S-BAND
TELEMETRY ARE TRANSMITTED OVER A CLOSED NETWORK. X-BAND DATA RECEIVED AT THE
AGS/SGS ARE RECORDED, THEN SENT TO THE MOC. UPON RECEIPT AT THE GROUND STATIONS,
X- AND S-BAND DATA ARE PROCESSED DIFFERENTLY DUE TO THEIR DIFFERING RATES,
PURPOSES, AND DESTINATIONS. DETAILS ABOUT DATA FORMATS AND TRANSFER MECHANISMS
FOR THE TELEMETRY INTERFACES ARE DISCUSSED IN SECTION A.2.2.

A.2.1.1 S-BAND TELEMETRY PROCESSING

S-BAND TELEMETRY RECEIVED AT WPS, SGS, OR AGS IS PROCESSED BY A PROGRAMMABLE
TELEMETRY PROCESSOR (PTP) FOLLOWING SUCCESSFUL BIT SYNCHRONIZATION. THE PTP
PROVIDES FRAME SYNCHRONIZATION, REED-SOLOMON DECODING, DATA-RECEIPT TIME-
STAMPING, AND TDF HEADER FORMULATION/APPLICATION. THE TELEMETRY DATA ARE ALSO
RECORDED AT THE RECEIVING GROUND STATION SO THAT RETRANSMISSION IS POSSIBLE. THIS
IS DESCRIBED IN SECTION A.2.4. THE INCOMING DATA STREAM CONSISTS OF CCSDS-COMPLIANT
CADUS. AFTER SUCCESSFUL PROCESSING AT THE GROUND STATION, THE CADUS ARE
PREPENDED WITH IPDU HEADERS AND ARE SENT TO THE MOC.

REAL-TIME AND SSR PLAYBACK TELEMETRY ARE MAINTAINED IN SEPARATE DATA STREAMS
BETWEEN THE GROUND STATION AND THE MOC. PRIOR TO EACH SUPPORT, WITH THE GROUND
STATION ACTING AS THE SERVER, THE MOC INITIATES TWO INDEPENDENT TCP/IP SOCKETS, ONE
FOR EACH DATA STREAM. IN THE MOC, THE REAL-TIME TELEMETRY STREAM IS USED FOR
CLOCK CORRELATION, SPACECRAFT AND INSTRUMENT STATUS ASSESSMENT, AND COMMAND
VERIFICATION. THE PLAYBACK TELEMETRY IS USED PRIMARILY FOR ON-GOING TREND
ANALYSIS AND FOR TROUBLESHOOTING, SHOULD PROBLEMS ARISE. MOST OF THESE FUNCTIONS
INVOLVE THE EXTRACTION OF INFORMATION FROM SUCCESSIVE PROTOCOL LAYERS TO
RECOVER SPACECRAFT PACKETS.

BACKUP MODE CLOCK CORRELATION MAKES USE OF THE SPACECRAFT TIME CODE IN THE
TELEMETRY DATA AND THE PTP-SUPPLIED TIME STAMP IN THE TDF HEADER. THE MOC
CALCULATES THE SPACECRAFT CLOCK’S DEVIATION FROM THE STATION’S REFERENCE TIME BY
SUBTRACTING THE SPACECRAFT CLOCK VALUE, TRANSMISSION DELAY, AND STATION
EQUIPMENT DELAY FROM THE IPDU TIME STAMP. PRIOR TO LAUNCH, EQUIPMENT DELAYS ARE
CHARACTERIZED AT EACH STATION AND PROVIDED TO THE MOC FOR THE DEVELOPMENT OF
CLOCK CORRELATION FUNCTIONALITY.

WHILE S-BAND DATA ARE BEING CAPTURED AND PROCESSED, THE PTP MAINTAINS PROCESSING
STATUS INFORMATION. THESE STATISTICS CAN BE USED LOCALLY TO VERIFY SYSTEM STATUS
AND CAN BE REPORTED TO THE MOC POST-PASS FOR USE IN TRENDING AND IN PROBLEM
ISOLATION, SHOULD THE NEED ARISE.
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A.2.1.2 X-BAND TELEMETRY PROCESSING

ALL X-BAND DATA RECOVERED AT THE WGS ARE FORWARDED TO THE EO-1 DATA PROCESSING
SYSTEM (DPS) FOR LEVEL 0 PROCESSING. X-BAND DATA RECEIVED AT THE SGS AND AGS ARE
RECORDED ON TAPES SO THEY CAN BE SENT TO THE MOC, WHERE THEY ARE MOUNTED ON
AMPEX RECORDERS AND REPLAYED TO THE DPS.

THE TAPES CREATED AT THE WGS SITES CONTAIN DIGITAL RECORDINGS OF THE BIT STREAM
RECEIVED FROM A SPECIFIED X-BAND LINK DURING EO-1 CONTACTS. TAPES, ALONG WITH
SUPPORTING DOCUMENTATION, ARE SHIPPED WITHIN 48 HOURS OF DATA RECEIPT.

A.2.2 TELEMETRY FORMATS

A.2.2.1 S-BAND TELEMETRY FORMAT

EO-1 S-BAND TELEMETRY IS TRANSMITTED VIA TCP/IP FROM THE WGS SITES TO THE MOC AS
TDFS, EACH CONTAINING A HEADER AND A CADU. FORMATS FOR THE TELEMETRY IPDU AND ITS
COMPONENTS ARE SHOWN IN FIGURE A-2. THE TDF HEADER, WITH EO-1 TELEMETRY VALUES, IS
DEFINED IN APPENDIX B.

TBS

FIGURE A-2.

A.2.2.2 X-BAND TELEMETRY FORMAT

EO-1 X-BAND DATA RECEIVED AT THE AGS/SGS ARE RECORDED AS A RAW BIT STREAM OF
CCSDS CADUS ONTO AMPEX DD-2 TAPES. THE WGS EQUIPMENT WAS SELECTED SPECIFICALLY
TO ENSURE COMPATIBILITY AMONG THE FACILITIES SUPPORTING EO-1. THE BITS RECOVERED
FROM THE BIT SYNCHRONIZERS ARE RECORDED IN TIME-TAGGED, NUMBERED BLOCKS,
ALLOWING PLAYBACKS TO START AND STOP AT OPERATOR-SPECIFIED TAPE LOCATIONS.
DURING PERIODS IN WHICH THE BIT SYNCHRONIZERS DO NOT DETECT DATA, THEIR OUTPUT IS
INHIBITED SO THAT RECORDING DOES NOT TAKE PLACE. THIS MAY OCCUR, FOR EXAMPLE,
PRIOR TO SIGNAL ACQUISITION AND DURING LINK OUTAGES. EACH TAPE WILL CONTAIN BOTH I-
AND Q-CHANNEL DATA RECORDED DURING ONE OR MORE X-BAND SUPPORTS.

AUTOMATED RECORDING/TAPE HANDLING UNITS ALLOW UNATTENDED OPERATION OF THE
AGS/SGS FOR UP TO 48 HOURS. THE AMOUNT OF DATA RECORDED PER TAPE DEPENDS ON THE
AMOUNT OF DATA RECEIVED AT THE SITE OVER A GIVEN INTERVAL. THIS, IN TURN, DEPENDS
ON THE SEASON, DATA REQUESTS, SCENE CLOUD COVER, AND OTHER FACTORS. OPERATIONS
AGREEMENTS AND SUPPORT PLANS CONTAIN DETAILS REGARDING TAPE CAPACITY TO BE
AVAILABLE TO EO-1 OVER SPECIFIED TIME INTERVALS AND SHIPPING CRITERIA (E.G., SHIP DATA
48 HOURS AFTER RECORDING, EVEN IF TAPE NOT FULL) FOR RECORDED TAPES.

WGS USES THE AMPEX RECORDERS, MODEL 260I. THEY SUPPORT THE D-1 FORMAT. THE GROUND
STATIONS WILL USE THE AMPEX D-1 LARGE 165-GIGABYTE (GB) TAPES.
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FOR IDENTIFICATION PURPOSES, EACH TAPE IS ASSIGNED AN ID NUMBER, WHICH IS BOTH
RECORDED ONTO THE TAPE AND ATTACHED TO THE CARTRIDGE AS A BAR-CODED STICKER. TO
IDENTIFY THE TAPE’S DATA CONTENTS, A TAPE LOG ACCOMPANIES EACH TAPE SENT FROM THE
AGS/SGS TO THE MOC. THIS FILE IS DESCRIBED IN SECTION A.6.4, AND THE MOC RESPONSE, THE
TAPE ACKNOWLEDGMENT REPORT, IS DESCRIBED IN SECTION A.6.5.

A.2.3 DATA RETENTION

===================================================================
ADD SAFS INFO HERE
==================================================================

THE WGS SITES RETAIN COPIES OF EO-1 S-BAND TELEMETRY TO SERVE AS A BACK-UP IN CASE
REAL-TIME TRANSMISSION OUTAGES OCCUR. THESE BACK-UPS ARE KEPT FOR 72 HOURS UNLESS
THE MOC OR PROJECT PERSONNEL REQUEST LONGER RETENTION ON SPECIFIC OCCASIONS.
UPON REQUEST FROM THE FLIGHT OPERATIONS TEAM (FOT) TO GN OPERATIONS PERSONNEL, A
REPLAY WILL BE SCHEDULED FOR THE REQUESTED DATA AT A MUTUALLY ACCEPTABLE TIME.
FOR GN SITES, THE FOT INITIATES RETRANSMISSION SCHEDULING WITH A PHONE CALL TO GN
OPERATIONS. AN ELECTRONIC-MAIL MESSAGE WITH SPECIFICS TO IDENTIFY THE DATA
NEEDING REPLAY, SUCH AS ACQUISITION OF SIGNAL/LOSS OF SIGNAL TIMES, FORMALIZES THE
REQUEST. FOR UNMANNED STATIONS, RETRANSMISSIONS MAY HAVE TO OCCUR DURING THE
NEXT SHIFT WHEN PERSONNEL ARE AVAILABLE. EMERGENCY SITUATIONS WILL RECEIVE A
HIGHER PRIORITY AND CAN BE SCHEDULED ACCORDINGLY.

AGS/SGS WILL MAKE DUPLICATE COPIES OF X-BAND TAPES AND WILL RETAIN THE COPIES
UNTIL NOTIFIED THAT THEY ARE NO LONGER NEEDED. THIS NOTIFICATION PROCESS IS
DESCRIBED IN SECTION A.6.5.

A.2.4 RETRANSMISSION RATES

RETRANSMISSION RATES FOR S-BAND TELEMETRY ARE BASED ON THE AVAILABLE BANDWIDTH
BETWEEN THE GROUND STATION AND THE MOC DURING THE PLANNED RETRANSMISSION. THE
MAXIMUM RATES SUPPORTED FOR THIS INTERFACE ARE THE SAME AS FOR ORIGINAL
TRANSMISSIONS, 32 KBPS FOR REAL-TIME TELEMETRY AND TBD KBPS FOR PLAYBACK
TELEMETRY.

A.3 COMMAND INTERFACE

A.3.1 GENERAL

THE COMMAND DATA FLOW FROM THE MOC TO THE GROUND STATIONS IS SHOWN IN FIGURE A-
1. COMMANDS ARE TRANSMITTED AS TDFS TO THE PTP RESIDENT AT THE SUPPORTING SITE. THE
PTP STRIPS THE TDF HEADER FROM THE CCSDS-FORMATTED COMMANDS AND TRANSFERS THEM
TO THE UPLINK EQUIPMENT CHAIN. THE MOC-TO-GROUND STATION COMMAND FORMAT IS
DESCRIBED IN SECTION 6.3.2. FOLLOWING HEADER CHECKS AND REFORMATTING, THE SITES
THROUGHPUT THE COMMAND DATA STREAM TO THE SPACECRAFT.

THE COMMAND INTERFACE BETWEEN THE MOC AND THE GROUND STATIONS IS BASED ON
TCP/IP. PRIOR TO EACH SUPPORT, WITH THE MOC ACTING AS THE SERVER, THE GN INITIATES A
SOCKET CONNECTION FOR COMMAND DATA.
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COMMANDS ARE SENT BY THE GROUND STATIONS TO THE SPACECRAFT IN THE CCSDS CLTU
FORMAT, WHICH IS ILLUSTRATED IN APPENDIX B. THE MOC AND THE GROUND STATIONS USE
THE TDF FORMAT FOR INTER-FACILITY COMMAND TRANSFER.

A.4 RADIOMETRIC DATA INTERFACE

A.4.1 GENERAL

THE MOC PROVIDES THE REQUISITE INFORMATION FOR THE GROUND STATIONS TO ACQUIRE EO-
1. FOR THE WGS SITES, THE DATA ARE SENT TO WALLOPS ORBITAL TRACKING INFORMATION
SYSTEM (WOTIS), AND FROM THERE, DISTRIBUTED TO THE GROUND STATION CONTROL
SYSTEMS. THE MOC PROVIDES ACQUISITION DATA FILES EACH DAY TO ENSURE THAT
ACQUISITIONS OCCUR WITH ONLY MINIMAL DELAYS. EACH FILE CONTAINS 48 HOURS’ WORTH
OF DATA TO PROVIDE CONTINUITY BETWEEN FILES AND TO MITIGATE ANY RISK DUE TO
COMMUNICATIONS OUTAGES.

EXCEPTIONS TO THE ACQUISITION DATA DELIVERY SCHEDULE ARE THE PERIODS FOLLOWING
ORBITAL MANEUVERS. THE MOC/FOT DELIVERS NORMAL NO-MANEUVER PRODUCTS TO THE
WGS. FOLLOWING A SUCCESSFUL MANEUVER, A SECOND SET OF ACQUISITION DATA ARE
TRANSMITTED, REFLECTING THE EFFECTS OF THE MANEUVER. BECAUSE ACQUISITION DATA
NEED TO BE UPDATED RAPIDLY, THE FOT ALSO SENDS A COPY OF THE CURRENT DAILY
SCHEDULE TO WOTIS TO TRIGGER A DATABASE UPDATE AT THE WGS SITES. THE UPDATE
ENSURES THAT THE NEW ACQUISITION DATA REACHES THE SITES IN THE MOST EXPEDITIOUS
MANNER. SECTION A.4.2 PROVIDES MORE INFORMATION ON THE DATA FORMAT USED FOR WGS
ACQUISITION DATA.

THE WGS PROVIDE BOTH ONE-WAY AND TWO-WAY TRACKING SUPPORT TO EO-1. THESE DATA
ARE GENERATED DURING REAL-TIME SUPPORT, THEN TRANSFERRED AS A FILE POST-PASS TO
AN FDF-SUPPLIED WORKSTATION IN THE MOC. SECTION A.4.3 IDENTIFIES THE FORMATS USED
FOR THE TRACKING DATA INTERFACE BETWEEN THE GROUND STATIONS AND THE MOC.

A.4.2 STATION ACQUISITION DATA FORMAT

THE SELECTED METHOD FOR DISTRIBUTING ACQUISITION DATA TO THE GROUND STATIONS IS A
FILE CONTAINING AN IMPROVED INTERRANGE VECTOR (IIRV) MESSAGE. THE FORMAT FOR THIS
MESSAGE IS GIVEN IN TBD.

FOR WGS STATIONS, THE FILE-NAMING CONVENTION IS

<TYPE><PROJECT>YYYYMMDD.V##

WHERE THE DEFINITIONS IN TABLE A-1 APPLY. AS WITH FILE CONTENTS, THE TIME IN THE FILE
NAME IS GREENWICH MEAN TIME (GMT)-BASED.

TABLE A-1. ACQUISITION DATA FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE EPHM N/A
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<PROJECT> MISSION IDENTIFIER EO-1 N/A
YYYY FOUR-DIGIT YEAR IDENTIFIER

FIRST DAY IN FILE
1996 2100

MM TWO-DIGIT MONTH IDENTIFIER 01 12
DD DAY OF MONTH IDENTIFIER 01 31
V## “V”ERSION IDENTIFIER, WHERE

## IS A TWO-DIGIT COUNTER
V00 V99

AN EXAMPLE OF AN ACQUISITION DATA FILENAME IS EPHMEO-119980619.V00, WHICH INDICATES
THAT THE FILE COVERS 19 JUNE 1998 AND IS THE FIRST VERSION TO BE SENT TO WOTIS FROM
THE MOC.

A.4.3 METRIC TRACKING DATA FORMAT

TRACKING DATA ARE TRANSFERRED FROM THE WGS COLLECTION SITE TO THE MOC AS FILES
CONTAINING UNIVERSAL TRACKING DATA FORMAT (UTDF) RECORDS. THE UTDF DEFINITION IS
IN STDN 724, TRACKING AND ACQUISITION HANDBOOK FOR THE SPACEFLIGHT TRACKING AND

DATA NETWORK. A SINGLE FILE IS GENERATED FOR EACH SCHEDULED TRACKING DATA SESSION
AND IS FTP’D TO THE MOC WITHIN 10 MINUTES OF THE END OF THE CONTACT.

THE SPACECRAFT AND VEHICLE IDENTIFICATION CODES NEEDED FOR THE UTDF HEADER
APPEAR IN TABLE A-2.

TABLE A-2. EO-1 UTDF VALUES

NAME SIC VIC

EO-1 8601 01

THE FILE-NAMING CONVENTION, WHICH USES GMT FOR TIME STAMPS, IS

<TYPE><PROJECT>DOYHHMM.VDOYHHMM

WHERE THE DEFINITIONS IN TABLE A-3 APPLY.

TABLE A-3. TRACKING DATA FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE TRK_ N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
DOY DAY OF YEAR OF FIRST DATA

POINT IN FILE
001 366

HH HOURS OF DAY OF FIRST DATA
POINT IN FILE

00 23

MM MINUTES OF HOUR OF FIRST DATA
POINT IN FILE

00 59
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VDOY “V”ERSION IDENTIFIER INDICATING
DAY OF YEAR FILE WAS
PREPARED FOR TRANSMISSION

V001 V366

HH HOURS OF DAY OF FILE
PREPARATION TIME

00 23

MM MINUTES OF HOUR OF FILE
PREPARATION TIME

00 59

AN EXAMPLE OF A TRACKING DATA FILENAME IS TRK_EO-10051845.V0051855, WHICH INDICATES
THAT THE FILE CONTAINS TRACKING DATA COLLECTED DURING A PERIOD STARTING AT
DAY 005 AT 18:45 GMT AND THAT THE FILE WAS PREPARED FOR TRANSMISSION TO THE MOC
10 MINUTES LATER.

A.5 SCHEDULING INTERFACE

A.5.1 GENERAL

SCHEDULING GROUND STATION SUPPORT TO MEET EO-1 RECOVERY NEEDS IS A RESPONSIBILITY
OF THE FOT/MOC. THE PROCESS AND SPECIFICS FOR WGS SCHEDULING ARE COVERED IN THE
REMAINDER OF THIS SECTION.

APPROXIMATELY 3 WEEKS BEFORE THE INTERVAL BEING SCHEDULED, THE SCHEDULING
PROCESS BEGINS WITH THE FOT/MOC SENDING A REQUEST FILE TO WOTIS. THE REQUEST FILE,
WHICH FOLLOWS THE SAME FORMAT USED IN ALL MOC-WOTIS SCHEDULE EXCHANGES, IS
BASED ON A GENERAL FILE CONTAINING VIEW INFORMATION FOR ALL EO-1 GROUND STATIONS.
THE VIEWS FOR THE WGS SITES ARE FILTERED BY THE MOC AND FOT BASED ON SEVERAL
CRITERIA, INCLUDING COVERAGE AVAILABILITY. THESE RESULTING VIEWS REPRESENT A MORE
ACCURATE PREDICTION OF ACTUAL EO-1 SUPPORT NEEDS AND, THEREFORE, ARE SENT TO
WOTIS AS THE FIRST STEP IN THE SCHEDULING PROCESS. ONCE WOTIS RECEIVES THE FILE, A
PRELIMINARY SCHEDULE IS GENERATED BASED ON THE EO-1’S VIEWS AND THE SUPPORT
REQUIREMENTS OF OTHER WGS-SUPPORTED SPACECRAFT.

THIS FORECAST SCHEDULE FILE, WHICH IS FTP’D TO THE MOC APPROXIMATELY 2.5 WEEKS
BEFORE THE TARGET WEEK, CONTAINS ENTRIES FOR EACH REQUEST THAT WGS RESOURCES
CAN SUPPORT. THE ENTRY TYPES ARE BASED ON DEFAULTS THAT REPRESENT THE MOST
COMMON EO-1 SUPPORT CONFIGURATIONS. BASED ON AGREEMENTS BETWEEN WGS, AND THE
EO-1 PROJECT, SUPPORT ENTRIES FOR BOTH X-BAND AND S-BAND ARE GENERATED FOR SGS,
WGS, AND AGS. THE WOTIS SCHEDULING SYSTEM GENERATES TAGS THAT ARE USED TO
UNIQUELY IDENTIFY EACH X-BAND AND EACH S-BAND SUPPORT IN A SCHEDULE. ANY
SUBSEQUENT ACTIONS RELEVANT TO A GIVEN SUPPORT BY EITHER THE MOC/FOT OR WGS
MAKE USE OF THIS TAG.

BETWEEN 1 WEEK AND 2 WEEKS BEFORE THE TARGET WEEK, THE MOC/FOT RETURNS A
CONFIRMED SCHEDULE TO WOTIS IN RESPONSE TO THE FORECAST SCHEDULE. THIS SCHEDULE
FURTHER REFINES THE SUPPORT THAT EO-1 NEEDS FROM WGS BY CONTAINING ONLY THE X-
BAND AND S-BAND ENTRIES THAT ARE REQUIRED TO MEET MISSION OBJECTIVES. THIS
SCHEDULE IS EXPECTED TO CONTAIN A SUBSET OF THE COVERAGE THAT WAS ORIGINALLY
LISTED IN THE STRAWMAN REQUEST FILE INITIALLY SENT TO WOTIS. ENTRIES THAT WERE IN
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THE FORECAST SCHEDULE BUT DO NOT APPEAR IN THE CONFIRMED SCHEDULE ARE
EFFECTIVELY DELETED. IN ADDITION TO DELETING CONTACTS, THE MOC/FOT CAN MAKE ANY
NECESSARY CHANGES TO THE SUPPORT ENTRIES VIA THE CONFIRMED SCHEDULE. FOR
EXAMPLE, SPECIFIC ON AND OFF TIMES FOR S-BAND STATION RESOURCES CAN BE GIVEN BY
ADJUSTING THE TIMES ASSOCIATED WITH THE CONTACT AND TRACKING SUPPORT CAN BE
CHANGED FROM ONE-WAY TO TWO-WAY OR VICE VERSA.

EACH DAY, THE MOC/FOT SENDS A DAILY SCHEDULE FILE TO WOTIS BY 2000Z. THE FILE BEGINS
WITH THE FIRST SUPPORT STARTING AFTER 0000Z AND COVERS A 48-HOUR PERIOD. THIS
SCHEDULE IS BASED ON THE SAME FORMAT USED FOR THE OTHER SCHEDULE FILES. THE
PARAMETERS THAT WILL BE GIVEN AT THIS TIME ARE X-BAND FREQUENCY (TBD) AND SPECIFIC
EQUIPMENT ON/OFF TIMES. AS WITH THE OTHER TRANSMISSIONS, FTP PROVIDES
ACKNOWLEDGMENT THAT THE DAILY SCHEDULE ARRIVED SUCCESSFULLY AT WOTIS. THE
TRANSFER OF THE DAILY SCHEDULE IS THE FINAL ELECTRONIC EXCHANGE IN THE SCHEDULING
PROCESS. ANY MODIFICATIONS AFTER THIS POINT, INCLUDING REQUESTS FOR EMERGENCY
SUPPORT, ARE ACCOMPLISHED VIA VOICE COORDINATION BETWEEN THE FOT AND WGS
OPERATIONS STAFF, WITH CONFIRMATION VIA ELECTRONIC MAIL.

A.5.2 SUPPORT REQUIREMENTS

THE SGS IS CONSIDERED THE PRIMARY S- AND X-BAND COMMUNICATIONS FACILITIES FOR THE
MISSION. AGS AND WGS ARE CONSIDERED BACKUP GROUND STATIONS.

SGS USAGE IS A FUNCTION OF BOTH ORBITAL GEOMETRY AND SCIENCE DATA REQUESTS.
TRACKING DATA ACQUISITION REQUIREMENTS ARE ALSO A CONSIDERATION IN DETERMINING
STATION COVERAGE NEEDS. AN ACCURATE ORBIT SOLUTION IS PREDICATED ON SUFFICIENT
TRACKING DATA COLLECTION AT VARIOUS GEOGRAPHIC LOCATIONS. MOC/FOT SCHEDULING
DETERMINES SPECIFIC WGS SUPPORT BASED ON THESE FACTORS. THE STRAWMAN REQUEST
FILE THAT THE MOC/FOT SENDS TO WOTIS CONTAINS A BEST-GUESS ESTIMATE OF SUPPORT
NEEDS FOR THE TARGET WEEK BASED ON LONG-TERM SCIENCE PLANS. THE STRAWMAN WILL
CONTAIN MORE THAN THE ESSENTIAL CONTACT TIMES TO GIVE WOTIS SOME FLEXIBILITY IN
MEETING EO-1 NEEDS IN CONJUNCTION WITH THOSE OF OTHER USERS. ONCE WOTIS RESPONDS
WITH A FORECAST SCHEDULE, THE FOT CAN ELIMINATE ANY UNNECESSARY SUPPORTS BY NOT
INCLUDING THEM IN THE CONFIRMED SCHEDULE RETURNED TO WOTIS. IF THE FORECAST
SCHEDULE CONTAINS INSUFFICIENT WGS SUPPORT, OPERATOR NEGOTIATION VIA VOICE
AND/OR ELECTRONIC MAIL IS REQUIRED.

BASED ON RESOURCE LOADING STUDIES CONDUCTED PRIOR TO LAUNCH, WGS SUPPORT IS
EXPECTED TO TOTAL APPROXIMATELY TWO PASSES PER DAY WITH AVERAGE LENGTH OF
TBD MINUTES EACH.

A.5.3 SCHEDULE FILE/DATA FORMATS

THIS SECTION GIVES THE FILE FORMATS AND NAMING CONVENTIONS FOR THE DATA
EXCHANGED BETWEEN WOTIS AND THE MOC. THE FTP ADDRESSES FOR ALL OF THE FILES
LISTED IN THIS SECTION AND NECESSARY ACCOUNT AND PASSWORD INFORMATION ARE
EXCHANGED BY REPRESENTATIVES OF EACH FACILITY PRIOR TO LAUNCH AND DURING THE
MISSION AS NECESSARY. OPERATIONS AGREEMENTS BETWEEN THE FOT AND WGS STAFF



EO-1 ICD-023
BASELINE

SEPTEMBER 24, 1998

A-9

IDENTIFY THESE REPRESENTATIVES AND PROVIDE THE DETAILS FOR COMMUNICATING THIS
INFORMATION IN A SAFE, EFFECTIVE MANNER. ALL SCHEDULE FILE TRANSFERS BETWEEN THE
MOC AND WOTIS MAKE USE OF A GATEWAY MECHANISM TO MAINTAIN SECURITY BECAUSE
WOTIS IS ON AN “OPEN” NETWORK.

A.5.3.1 STRAWMAN REQUEST FILE FORMAT

THE STRAWMAN REQUEST FILE USES THE REQUEST/RESPONSE FORMAT GIVEN IN APPENDIX C.
RECORDS ARE INCLUDED FOR EACH REQUESTED S-BAND AND X-BAND CONTACT. THE TAG
FIELD IN EACH RECORD IS SET TO ZERO BY THE MOC BECAUSE THIS VALUE IS ASSIGNED BY
WOTIS LATER IN THE SCHEDULING PROCESS. THE PERIOD TO BE SCHEDULED IS MONDAY, 0000Z,
THROUGH SUNDAY, 23:59:59Z. HOWEVER, THE FILE COVERS 1 WEEK PLUS A DAY OF OVERLAP ON
EACH END TO ALLOW CONTINUITY FROM ONE SCHEDULING PERIOD TO THE NEXT. THUS, EACH
FILE STARTS AT THE FIRST REQUEST AFTER 0000Z ON THE SUNDAY OF THE TARGET WEEK AND
ENDS WITH THE LAST LOS 8 DAYS LATER (I.E., A MONDAY). SUPPORT THAT STARTS IN 1 WEEK
AND ENDS IN THE NEXT (E.G., SUNDAY 23:55:00 TO MONDAY 00:05:00) IS REQUESTED AND
SCHEDULED AS PART OF THE EARLIER WEEK. DUE TO THE OVERLAP INCLUDED IN EACH FILE,
SUCH SUPPORT IS LISTED IN BOTH WEEKS’ FILES.

THE FILE-NAMING CONVENTION USED FOR THE WGS STRAWMAN REQUEST FILE IS

<TYPE><PROJECT>WK##.V##

WHERE THE DEFINITIONS IN TABLE A-4 APPLY.

TABLE A-4. STRAWMAN REQUEST FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE REQ_ N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
WK## WEEK NUMBER, TWO DIGITS 011 532

V## “V”ERSION IDENTIFIER, WHERE ##
IS A TWO-DIGIT COUNTER

V00 V99

1 WEEK 1 IS DEFINED AS THE WEEK CONTAINING 1 JANUARY.
2 SOME YEARS WILL CONTAIN 52 WEEKS, THEN ROLL OVER TO WEEK 01; OTHERS WILL

ROLL OVER AFTER WEEK 53. THIS OCCURS BECAUSE EACH WEEK RUNS FROM
MONDAY THROUGH SUNDAY AND WEEK 01 MAY CONTAIN THE END OF DECEMBER.

AN EXAMPLE OF A REQUEST FILENAME IS REQ_EO-101.V00, WHICH INDICATES THAT THE FILE
INCLUDES 1 JANUARY AND IS THE FIRST VERSION THE MOC HAS SENT TO WOTIS.

A.5.3.2 FORECAST SCHEDULE FORMAT

THE FORECAST SCHEDULE IS FTP’D FROM WOTIS TO THE MOC ON THE THURSDAY THAT IS
2.5 WEEKS BEFORE THE FIRST DAY OF THE WEEK BEING SCHEDULED. LIKE THE STRAWMAN
REQUEST FILE, THE FORECAST FILE COVERS ONE MONDAY-THROUGH-SUNDAY SCHEDULING
WEEK AND RUNS FROM SUNDAY THROUGH MONDAY TO PROVIDE OVERLAP. THIS FILE
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CONTAINS TWO REQUEST/RESPONSE FORMAT RECORDS FOR EACH AVAILABLE AGS AND SGS
CONTACT, ONE FOR S-BAND AND ONE FOR X-BAND. WPS SUPPORTS ARE REPRESENTED BY AN
S-BAND RECORD ONLY. THE REQUEST/RESPONSE FORMAT RECORD FORMAT IS GIVEN IN
APPENDIX C.

THE FILE-NAMING CONVENTION FOR THE FORECAST SCHEDULE IS

<TYPE><PROJECT>WK##.VDOYHHMM

WHERE THE NAME SEGMENTS FOLLOW THE DEFINITIONS IN TABLE A-5.

TABLE A-5. FORECAST SCHEDULE FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE RES_ N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
WK## WEEK NUMBER 011 532

VDOY “V”ERSION IDENTIFIER INDICATING
DAY OF YEAR FILE WAS
PREPARED FOR TRANSMISSION

V001 V366

HH HOURS OF DAY OF FILE
PREPARATION TIME

00 23

MM MINUTES OF HOUR OF FILE
PREPARATION TIME

00 59

1 WEEK 1 IS DEFINED AS THE WEEK CONTAINING 1 JANUARY.
2 SOME YEARS WILL CONTAIN 52 WEEKS, THEN ROLL OVER TO WEEK 01; OTHERS WILL

ROLL OVER AFTER WEEK 53. THIS OCCURS BECAUSE EACH SCHEDULING WEEK
RUNS FROM MONDAY THROUGH SUNDAY AND WEEK 01 MAY CONTAIN THE END OF
DECEMBER.

AN EXAMPLE OF A FORECAST SCHEDULE FILENAME IS RES_EO-101.V3531712, WHICH INDICATES
THAT THE FILE INCLUDES 1 JANUARY AND WAS ASSEMBLED FOR TRANSMISSION ON DAY 353 AT
17:12Z.

A.5.3.3 CONFIRMED SCHEDULE FORMAT

THE CONFIRMED SCHEDULE COVERS THE SAME TIME PERIOD AS THE FORECAST SCHEDULE.
THAT IS, IT RUNS FROM SUNDAY THROUGH MONDAY. IT CONTAINS A DATA- AND
REQUIREMENTS-DRIVEN LIST OF EVENTS THAT EO-1 REQUIRES OF THE WGS SITES, AND IS A
SUBSET OF THE CONTACTS IN THE FORECAST SCHEDULE. EACH EVENT AGAIN IS FORMATTED AS
A REQUEST/RESPONSE FORMAT RECORD, DEFINED IN APPENDIX C.

THE FILE-NAMING CONVENTION FOR THE CONFIRMED SCHEDULE IS

<TYPE><PROJECT>WK##.V##

WHERE THE DEFINITIONS IN TABLE A-6 APPLY.



EO-1 ICD-023
BASELINE

SEPTEMBER 24, 1998

A-11

TABLE A-6. CONFIRMED SCHEDULE FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE REQU N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
WK## WEEK NUMBER 011 532

V## “V”ERSION IDENTIFIER, WHERE ##
IS A TWO-DIGIT COUNTER

V00 V99

1 WEEK 1 IS DEFINED AS THE WEEK CONTAINING 1 JANUARY.
2 SOME YEARS WILL CONTAIN 52 WEEKS, THEN ROLL OVER TO WEEK 01; OTHERS WILL

ROLL OVER AFTER WEEK 53. THIS OCCURS BECAUSE EACH WEEK RUNS FROM
MONDAY THROUGH SUNDAY AND WEEK 01 MAY CONTAIN THE END OF DECEMBER.

AN EXAMPLE OF A CONFIRMED SCHEDULE FILENAME IS REQUEO-101.V01, WHICH INDICATES A
FILE THAT CONTAINS 1 JANUARY AND IS THE SECOND VERSION OF THE CONFIRMED SCHEDULE
SENT FROM THE MOC TO WOTIS.

A.5.3.4 DAILY SCHEDULE FORMAT

THE DAILY SCHEDULE FILE COVERS A SINGLE DAY PLUS THE FOLLOWING DAY FOR OVERLAP
AND IS TRANSFERRED TO WOTIS AT LEAST 4 HOURS BEFORE EACH DAY BEGINS. EVEN THOUGH
ONLY X-BAND SUPPORTS MAY CONTAIN UPDATES, THE DAILY SCHEDULE FILE WILL INCLUDE
ALL SUPPORTS AT THE WGS SITES. THE FILE IS ROUTINELY USED TO SPECIFY ACTUAL X-BAND
FREQUENCIES THAT WILL BE IN USE DURING X-BAND EVENTS BECAUSE THE ACTUAL MAY
DIFFER FROM THE DEFAULT FREQUENCY USED IN THE PREVIOUS SCHEDULE FILES. THE NORMAL
FOT/MOC PROCEDURE IS TO FTP THE DAILY SCHEDULE AS A MATTER OF COURSE, SO THAT THE
UPDATE OCCURS EVEN IF NO VALUES ARE CHANGED. BECAUSE ONLY CERTAIN VALUES ARE
MODIFIABLE IN THE DAILY SCHEDULE, THE FOT/MOC ACCOMPLISHES OTHER TYPES OF
CHANGES, SUCH AS SUPPORT ADDITION, VIA VOICE COORDINATION WITH WGS OPERATIONS
PERSONNEL. THIS TYPE OF SCHEDULE FILE MAY ALSO BE USED TO TRIGGER A DATABASE
UPDATE AT WOTIS, WHICH IN TURN AUTOMATICALLY UPDATES THE INFORMATION AT THE
GROUND STATIONS. THIS ALLOWS THE FOT TO SUPPLY UPDATED ACQUISITION DATA FOR
DISTRIBUTION TO THE SITES WITHOUT OPERATOR INTERVENTION BY WGS PERSONNEL. THIS
CAPABILITY MAY BE USED AROUND MANEUVER PERIODS WHEN UPDATED TRACKING DATA
MAY BE NEEDED. THE DAILY SCHEDULE IS BASED ON THE REQUEST/RESPONSE FORMAT RECORD
FORMAT, DEFINED IN APPENDIX C.

THE FILE-NAMING CONVENTION FOR THE DAILY SCHEDULE IS

<TYPE><PROJECT>DOY.V##

WHERE THE DEFINITIONS IN TABLE A-7 APPLY.

AN EXAMPLE OF A DAILY SCHEDULE FILENAME IS REQFEO-1002.V00, WHICH INDICATES THAT
THE DAILY SCHEDULE IS FOR 2 JANUARY AND IS THE FIRST VERSION TO BE SENT FROM THE
MOC TO WOTIS.
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TABLE A-7. DAILY SCHEDULE FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM
<TYPE> FILE TYPE REQF N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
DOY DAY OF YEAR COVERED BY THIS

SCHEDULE
001 366

V## “V”ERSION IDENTIFIER, WHERE ##
IS A TWO-DIGIT COUNTER

V00 V99

A.6 STATUS DATA AND REPORT INTERFACES

THE GN PROVIDES STATUS INFORMATION TO THE FOT/MOC ELECTRONICALLY. THE WGS
PROVIDES REAL-TIME CONTACT STATUS REPORTING AND POST-PASS SUMMARY REPORTING. IN
ADDITION TO THESE ELECTRONIC METHODS, VOICE COMMUNICATION TAKES PLACE AS
NECESSARY. THE MOC PROVIDES REPORTS ON THE RECEIPT OF AND DATA RECOVERY FROM X-
BAND TAPES. THIS INTERFACE IS COVERED IN SECTION A.6.5.

A.6.1 REAL-TIME STATUS

FOR S-BAND DATA, RF EQUIPMENT STATUS INFORMATION IS PROVIDED BY THE GN SITES. FOR S-
BAND DATA, ADDITIONAL INFORMATION IS PROVIDED BY THE FRONT END AT THE SUPPORTING
STATION. REAL-TIME STATUS DATA SENT BY GN SITES ARRIVE AT THE MOC VIA TCP/IP
MONITOR BLOCKS. THE DATA ARE ALSO WRITTEN TO A FILE SO THEY MAY BE STORED FOR
SUBSEQUENT REVIEW OR ANALYSIS BY THE FOT.

A.6.1.1 MONITOR BLOCK FORMATS

=======================================================
FORMAT OF MONITOR BLOCKS TBD
=========================================================

A.6.2 WGS DOWNLINK SUMMARY REPORT

FOLLOWING EVERY SUPPORT TAKEN AT A WGS SITE, STATISTICS ARE COLLECTED FROM
VARIOUS HARDWARE AND SOFTWARE STATION COMPONENTS. THESE DATA ARE TRANSMITTED
TO WOTIS, WHERE THEY ARE STORED AND USED IN THE GENERATION OF A DOWNLINK
SUMMARY REPORT, WHICH IS SUBSEQUENTLY TRANSFERRED TO THE MOC. THIS REPORT IS AN
AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE (ASCII) FILE DESIGNED TO BE
VIEWED WITH STANDARD TEXT EDITING TOOLS. WOTIS-MOC CONNECTIONS MAKE USE OF A
GATEWAY TO PRESERVE SECURITY.

THE FORMAT FOR THE REPORT IS GIVEN IN APPENDIX D. THE FILE-NAMING CONVENTION IS

<TYPE><PROJECT>DOYHH.VDOYHHMM

WHERE THE DEFINITIONS IN TABLE A-8 APPLY.
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AN EXAMPLE OF A DOWNLINK SUMMARY REPORT FILENAME IS DNL_EO-116723.V1680012, WHICH
INDICATES THAT IT IS FOR A PASS THAT BEGAN DURING THE 23RD HOUR OF DAY 167 AND WAS
PREPARED FOR TRANSMISSION ON DAY 168 AT 00:12Z.

TABLE A-8. DOWNLINK SUMMARY REPORT FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE DNL_ N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
DOY DAY-OF-YEAR OF CONTACT START 001 366
HH HOUR OF DAY OF CONTACT START 00 23
VDOY “V”ERSION IDENTIFIER INDICATING

DAY OF YEAR FILE WAS
PREPARED FOR TRANSMISSION

V001 V366

HH HOURS OF DAY OF FILE
PREPARATION TIME

00 23

MM MINUTES OF HOUR OF FILE
PREPARATION TIME

00 59

A.6.3 TAPE SHIPMENT REPORT FROM WOTIS

WHEN TAPES CONTAINING X-BAND DATA ARE SHIPPED FROM THE AGS AND SGS TO THE MOC, A
REPORT IS SENT ELECTRONICALLY TO NOTIFY THE MOC THAT THE TAPE(S) ARE EN ROUTE AND
CAN BE EXPECTED WITHIN THE NORMAL SHIPPING TIME OF A FEW DAYS. THIS REPORT IS SENT
VIA OPEN NETWORKS.

THE FORMAT FOR THIS REPORT IS GIVEN IN THE RF ICD BETWEEN THE EO-1 SPACECRAFT AND

THE GN AND THE SN.

THE FILE-NAMING CONVENTION IS

<TYPE><PROJECT>YYYYDOY.VDOYHHMM

WHERE THE DEFINITION IN TABLE A-9 APPLY.

TABLE A-9. TAPE SHIPMENT REPORT FILENAME DEFINITION

RANGE
FILENAME SEGMENT DEFINITION MINIMUM MAXIMUM

<TYPE> FILE TYPE TSR_ N/A
<PROJECT> MISSION IDENTIFIER EO-1 N/A
YYYY YEAR OF SHIPMENT 1996 2100
DOY DAY OF YEAR OF SHIPMENT 001 366
VDOY “V”ERSION IDENTIFIER INDICATING

DAY OF YEAR FILE WAS
PREPARED FOR TRANSMISSION

V001 V366
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HH HOURS OF DAY OF FILE
PREPARATION TIME

00 23

MM MINUTES OF HOUR OF FILE
PREPARATION TIME

00 59

AN EXAMPLE OF A TAPE SHIPMENT REPORT FILENAME IS TSR_EO-12001327.V3271519, WHICH
INDICATES A TYPE SHIPMENT REPORT THAT WAS SHIPPED ON DAY 327 OF YEAR 2001, AFTER
HAVING BEEN GENERATED AT 15:19Z.
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APPENDIX B.  TCP/IP TDF HEADER FOR EO-1
TELEMETRY AND COMMAND

TABLES B-1 AND B-2 DESCRIBE THE DELIVERY HEADER FORMATS THAT SHALL BE ANNOTATED
TO TELEMETRY AND COMMAND DATA UNITS, RESPECTIVELY.

NOTE: ‘WORD’ REFERS TO 16 BITS; ‘OCTET’ OR ‘BYTE’ REFERS TO 8 BITS.

TABLE B-1. TRACE TELEMETRY FRAME DELIVERY HEADER

WORD BIT(S) DESCRIPTION

1 1-2 VERSION NUMBER OF TELEMETRY HEADER
1 3-16 LENGTH OF FRAME IN BYTES (INCLUDING HEADER)
2 1 ANNOTATION FLAGS: REED-SOLOMON DECODING ENABLED

FLAG
2 2 REED-SOLOMON DECODING ERROR FLAG
2 3 FRAME CRC ENABLED FLAG
2 4 FRAME CRC PASS/FAIL FLAG
2 5 MASTER CHANNEL SEQUENCE (MCS) CHECKING ENABLED

FLAG
2 6 MCS NUMBER ERROR
2 7-8 DATA INVERSION FLAGS
2 9-10 FRAME SYNC MODE FLAGS
2 11 DATA FORWARD/REVERSE FLAG
2 12-16 DATA CLASS
3 1 EARTH-RECEIVED TIME OF DATA (PB-5 FORMAT): FLAG BIT
3 2-15 EARTH-RECEIVED TIME OF DATA (PB-5 FORMAT):

TRUNCATED JULIAN DAY
3 16 EARTH-RECEIVED TIME OF DATA (PB-5 FORMAT): SECONDS

OF DAY
4 1-16 EARTH-RECEIVED TIME OF DATA (PB-5 FORMAT): SECONDS

OF DAY
5 1-10 EARTH-RECEIVED TIME OF DATA (PB-5 FORMAT):

MILLISECONDS OF A SECOND
5 11-16 FILL/SPARE
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TABLE B2. TRACE (EOS) COMMAND DELIVERY HEADER

BYTE(S) DESCRIPTION

1 MESSAGE TYPE
2 FILL/SPARE—RESERVED FOR FUTURE USE
3 SOURCE IDENTIFICATION
4 DESTINATION IDENTIFICATION
5 FILL/SPARE—RESERVED FOR FUTURE USE
6-12 MESSAGE GENERATION TIME—NASA PB-5 TIME CODE

FORMAT
13-14 SPACECRAFT IDENTIFICATION
15-16 MESSAGE SEQUENCE NUMBER
17-18 EDOS SOFTWARE VERSION NUMBER
19-20 MESSAGE LENGTH
21-24 FILL/SPARE—RESERVED FOR FUTURE USE

COMMAND DATA FIELD

B.1 TELEMETRY FRAME DELIVERY HEADER

THE FIELDS IN THE LEO-T TELEMETRY FRAME DELIVERY UNIT ARE DEFINED AS FOLLOWS. BIT 1
IS THE MOST SIGNIFICANT BIT AND IS TRANSMITTED FIRST.

WORD 1

BITS 1-2: VERSION NUMBER FOR HEADER FORMAT IS SET TO “01” FOR FRAME
DATA

BITS 3-16: LENGTH OF FRAME IN BYTES, INCLUDING FRAME DELIVERY HEADER

WORD 2

BIT 1: REED-SOLOMON DECODING: 0 = DISABLED, 1 = ENABLED

BIT 2: REED-SOLOMON DECODING ERROR : 0 = FRAME WAS CORRECTED, 1 =
FRAME COULD NOT BE CORRECTED

BIT 3: FRAME CRC CHECKING: 0 = DISABLED, 1 = ENABLED

BIT 4: FRAME CRC ERROR: 0 = PASS, 1 = FAIL

BIT 5: MCS CHECKING: 0 = DISABLED, 1 = ENABLED

BIT 6: MCS NUMBER ERROR: 0 = NUMBER INCREASED MONOTONICALLY, 1 =
NUMBER INCREASED BY 2 OR MORE

BITS 7, 8: DATA INVERSION FLAGS: 00 = DATA TRUE, 01 = DATA INVERTED, 11 = DATA
INVERTED AND CORRECTED
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BITS 9, 10: FRAME SYNC MODE FLAGS: 00 = SEARCH FRAME, 01 = CHECK FRAME, 10 =
LOCK FRAME, 11 = FLYWHEEL FRAME

BIT 11: DATA FORWARD/REVERSE FLAG: 0 = FORWARD, 1 = REVERSE

BITS 12-16: DATA CLASS: 1 = CCSDS FRAME, 2 = CCSDS PACKET, 3 = TDM FRAME, 4 =
STRIPPED TDM FRAME

WORDS 3-5. THESE CONTAIN THE EARTH-RECEIVED TIME AS DEFINED BELOW. THIS IS THE UTC
TIME WHEN THE TELEMETRY FRAME IS RECEIVED BY THE TELEMETRY PROCESSOR. THE
ACCURACY OF THE TIME IS 1 MILLISECOND.

WORD 3

BIT 1: PB-5 FLAG BIT, SET TO “0”

BITS 2-15: TRUNCATED JULIAN DAY (14 BITS). TRUNCATE THE MOST SIGNIFICANT
DECIMAL DIGITS, RETAINING ONLY THE FOUR LEAST SIGNIFICANT
DECIMAL DIGITS RANGING FROM 0000 TO 9999. THE CURRENT JULIAN DAY
EPOCH BEGINS ON OCTOBER 10, 1995, AND CONTINUES FOR A PERIOD OF 27
YEARS. VALUE IS BINARY UNSIGNED INTEGER

BIT 16: SECONDS OF DAY (17 BITS), MOST SIGNIFICANT BIT

WORD 4

BITS 1-16: SECONDS OF DAY (17 BITS), 16 LEAST SIGNIFICANT. VALUE IS BINARY
UNSIGNED INTEGER, RANGING FROM 0 TO 86,399

WORD 5

BITS 1-10: MILLISECONDS OF THE SECOND. VALUE IS BINARY UNSIGNED INTEGER
FROM 0 TO 999

BITS 11-16: FILL/SPARES, SET TO ZEROS

B.2 COMMAND DELIVERY HEADER

THE FIELDS IN THE TRACE COMMAND DELIVERY HEADER ARE DEFINED AS FOLLOWS. BYTES
ARE TRANSMITTED MSB FIRST. FIELDS DENOTED WITH ‘*’ ARE COMMAND VALIDATION
PARAMETERS AND SHALL BE INCLUDED IN THE CONFIGURATION DATABASE. REMAINING FIELDS
(EXCEPT FOR MESSAGE LENGTH) ARE NOT USED BY THE TRACE AND ARE FOR INFORMATION
PURPOSES ONLY.

BYTE 1: * MESSAGE TYPE IS 03 HEX (COMMAND DATA BLOCK)

BYTE 2: FILL/SPARES, SET TO ZEROS

BYTE 3: * SOURCE IDENTIFICATION

BYTE 4: DESTINATION IDENTIFICATION
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BYTE 5: FILL/SPARES, SET TO ZEROS

BYTES 6-12: EARTH-RECEIVED TIME AS DEFINED BELOW. THIS IS THE UTC TIME WHEN
THE COMMAND GROUND TRANSFER UNIT IS GENERATED

BYTES 6,7

BIT 1: PB-5 FLAG BIT, SET TO “0”

BITS 2-15: TRUNCATED JULIAN DAY (14 BITS). TRUNCATE THE MOST
SIGNIFICANT DECIMAL DIGITS, RETAINING ONLY THE FOUR
LEAST SIGNIFICANT DECIMAL DIGITS RANGING FROM 0000
TO 9999. THE CURRENT JULIAN DAY EPOCH BEGINS ON
OCTOBER 10, 1995, AND CONTINUES FOR A PERIOD OF 27
YEARS. VALUE IS BINARY UNSIGNED INTEGER

BIT 16: SECONDS OF DAY (17 BITS), MOST SIGNIFICANT BIT

BYTES 8,9

BITS 1-16: SECONDS OF DAY(17 BITS), 16 LEAST SIGNIFICANT. VALUE IS
BINARY UNSIGNED INTEGER, RANGING FROM 0 TO 86,399

BYTES 10,11

BITS 1-10: MILLISECONDS OF THE SECOND (10 BITS). VALUE IS BINARY
UNSIGNED INTEGER FROM 0 TO 999

BITS 11-16: MICROSECONDS OF MILLISECONDS (10 BITS), 6 MOST
SIGNIFICANT. VALUE IS BINARY UNSIGNED INTEGER FROM 0
-999

BYTE 12

BITS 1-4: MICROSECONDS OF MILLISECONDS, 4 LEAST SIGNIFICANT

BITS 5-8: FILL, SET TO ZEROS

BYTES 13,14: * SPACECRAFT ID

BYTES 15,16: MESSAGE SEQUENCE NUMBER

BYTES 17,18: EDOS SOFTWARE VERSION NUMBER, SET TO TBD

BYTES 19,20: MESSAGE LENGTH. NUMBER OF BYTES IN THE MESSAGE, INCLUDING THE
LEO-T COMMAND DELIVERY HEADER AND THE COMMAND DATA. RANGE
IS 24 TO 8192

BYTES 21-24: FILL/SPARES, SET TO ZEROS
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TABLE B-3. EO-1 TDF SOURCE AND DESTINATION CODES

SOURCE/DESTINATION NAME
INTEGER CODE (1

BYTE, HEXADECIMAL)
ASCII STATION
DESIGNATOR

EO-1 MOC
GREENBELT, MD

01 TBD

EOS-ALASKA, S-BAND/GENERIC
POKER FLATS, AK

03 AGS

EOS-SVALBARD, S-
BAND/GENERIC
SPITZBERGEN, NORWAY

04 SGS

VANDENBURG AFB, CA 08 VAF
WALLOPS ORBITAL TRACKING
STATION
WALLOPS ISLAND, VA

60 WPS

TABLE B-4. EO-1 TDF DATA TYPES

MESSAGE TYPE CORRESPONDING INTEGER CODE (8
BITS) (HEX)

NARROWBAND REAL-TIME TELEMETRY 01
NARROWBAND SPACECRAFT
RECORDER TELEMETRY

02

COMMAND DATA MESSAGE 03
COMMAND ECHO MESSAGE 04

TABLE B-5. NASA PB-5 TIME CODE FORMAT (OPTION C)

ITEM
NO.

FIELD NAME FORMAT & SIZE VALUE

1 FLAG BIT LOGICAL (1 BIT) 1
2 TRUNCATED JULIAN DAY UNSIGNED INTEGER

(14 BITS)
TRUNCATE THE MOST
SIGNIFICANT DECIMAL
DIGITS, RETAINING ONLY
THE FOUR LEAST
SIGNIFICANT RANGING
FROM 0 TO 9999. THE
CURRENT JULIAN DAY
EPOCH BEGINS AT
MIDNIGHT 1995,
OCTOBER 9, 10.
OCTOBER 10, 1995 IS
DAY 0

3 SECONDS OF DAY UNSIGNED INTEGER
(17 BITS)

RANGE = 0 TO 86399

4 MILLISECONDS OF
SECONDS

UNSIGNED INTEGER
(10 BITS)

RANGE = 0 TO 999
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5 MICROSECONDS OF A
MILLISECOND

UNSIGNED INTEGER
(10 BITS)

RANGE = 0 TO 999

6 SPARE (4 BITS)
TOTAL LENGTH 7 BYTES
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APPENDIX C.  REQUEST/RESPONSE RECORD
FORMAT

THIS APPENDIX CONTAINS A DESCRIPTION OF THE REQUEST/RESPONSE FORMAT USED IN
SCHEDULE FILES EXCHANGED BETWEEN THE MOC AND WOTIS. THE RECORD LENGTH VARIES,
UP TO A MAXIMUM OF 62 ASCII CHARACTERS, INCLUDING THE RECORD TERMINATOR, WHICH IS
A SINGLE LINEFEED (ASCII 1010) CHARACTER. FIELDS WITHIN A RECORD ARE ALWAYS
SEPARATED BY COMMAS (ASCII 4410), EVEN WHEN FIELDS ARE NOT USED (E.G., THE TAG FIELD).
THE EXAMPLE RECORDS IN FIGURE C-1 ILLUSTRATE THE REQUEST/RESPONSE FORMAT.

TABLE C-1. REQUEST/RESPONSE RECORD FORMAT

ITEM
NO.

NAME FORMAT
MAX SIZE
(BYTES) VALUE(S)

1 TAG ASCII 15 EMPTY1 (STRAWMAN) OR
ID NUMBER ASSIGNED BY
WOTIS

2 PROJECT ASCII 2 EO-1
3 FACILITY ASCII 3 ONE OF THE FOLLOWING:

• AGS
• SGS
• WPS

4 BEGINNING
OF TRACK

GMT FIELD2 13 STATION EQUIPMENT “ON”
TIME

5 END OF
TRACK

GMT FIELD2 13 STATION EQUIPMENT
“OFF” TIME

6 ACTIVITY
CODE

ASCII 3 EMPTY (IF X-BAND) OR
ONE VALUE FROM TABLE
C-3

7 ORBIT ASCII 10 VALUE FROM MOC
PLANNING AIDS

8 BAND ASCII 2 ONE OF THE FOLLOWING:
• X0 = DELETE

REQUEST3

• X1 = 8225 MHZ
• S1 = S-BAND

1 THIS FIELD IS EMPTY IN THE STRAWMAN REQUEST FILE THAT THE MOC SENDS TO
WOTIS. FOR ALL OTHER SCHEDULE FILES, A WOTIS-GENERATED IDENTIFICATION
NUMBER IS USED.

2 SEE TABLE C-2 FOR FORMAT.
3 THE VALUE “X0” IN THIS FIELD INDICATES THAT THE CONTACT SHOULD BE DELETED

FROM THE SCHEDULE.
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TABLE C-2. GMT FIELD DEFINITION

FIELD: YYYYDDDHHMMSS
FORMAT (SIZE): ASCII

(13 BYTES) RANGE

YYYY YEAR ASCII (4 BYTES) 1996 THROUGH 2100
DDD DAY OF YEAR ASCII (3 BYTES) 001 THROUGH 366
HH HOUR ASCII (2 BYTES) 00 THROUGH 23
MM MINUTE ASCII (2 BYTES) 00 THROUGH 59
SS SECOND ASCII (2 BYTES) 00 THROUGH 59

TABLE C-3. EO-1 WGS ACTIVITY CODES

ACTIVIT
Y CODE

RECEIVE/
RECORD COMMAND

TRACKING DATA/
MODE DATA FORWARDING

TR1 2 KBPS 2-WAY/COHERENT
TR2 2 KBPS 2-WAY/COHERENT
TR3 2 KBPS 1-WAY/NON-

COHERENT
TR4 2 KBPS 1-WAY/NON-

COHERENT
PBK NONE/NONCOHERE

NT
SPC1

1 SPC IS USED FOR TESTING AND OTHER SPECIAL ACTIVITIES. CONFIGURATION
WILL BE ARRANGED BY THE FOT AND WGS PERSONNEL AND DOCUMENTED IN
BRIEFING MESSAGES AS NEEDED.

,EO-1,SGS,1999149135500,1999149140500,TR1,3056,S1<LINEFEED>
,EO-1,SGS,1999149135500,1999149140500,,3056,X1<LINEFEED>
W9821-1,EO-1,SGS,1999149135500,1999149140500,TR1,3056,S1<LINEFEED>
W9821-2,EO-1,SGS,1999149135500,1999149140500,,3056,X1<LINEFEED>

FIGURE C-1. REQUEST/RESPONSE RECORD EXAMPLES
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APPENDIX D.  DOWNLINK SUMMARY REPORT
FORMAT

THIS APPENDIX CONTAINS THE FORMAT FOR THE DOWNLINK SUMMARY REPORT. EACH FILE
CONSISTS OF ONE OR MORE RECORDS. FIELDS WITHIN A RECORD (ITEMS) ARE SEPARATED BY A
SINGLE COMMA (ASCII 4410), AND RECORDS ARE DELIMITED BY A LINEFEED (ASCII 1010)
CHARACTER. TABLE D-1 LISTS THE CONTENTS OF EACH RECORD.

TABLE D-1. DOWNLINK SUMMARY REPORT RECORD FORMAT (1 OF 2)

ITEM
NO.

NAME FORMAT
MAX SIZE
(BYTES) MEANING/VALUE(S)

1 TAG ASCII 15 SUPPORT IDENTIFIER
ASSIGNED BY WOTIS

2 SATELLITE ASCII 15 EO-1
3 GROUND

STATION
ASCII 10 GROUND STATION RECEIVING

DATA
4 OPERATION ASCII 8 “SUPPORT” OR “PLAYBACK”
5 TAPE # ASCII 10 VOLUME LABEL OF TAPE1

6 START
ADDRESS

ASCII 10 POSITION ON TAPE WHERE
SUPPORT BEGAN

7 END ADDRESS ASCII 10 POSITION ON TAPE WHERE
SUPPORT ENDED

8 START TIME GMT FIELD2 13 TIME WHEN TAPE BEGAN TO
RECORD

9 END TIME GMT FIELD2 13 TIME WHEN RECORDER
STOPPED RECORDING

10 ORBIT ASCII 10 SPACECRAFT ORBIT NUMBER
11 RECORDER ID ASCII 10 IDENTIFYING NUMBER OF

RECORDER
12 BIT SYNC START GMT FIELD2 13 TIME WHEN BIT SYNC AND

DEMOD BOTH ACHIEVED LOCK
STATUS

13 BIT SYNC STOP GMT FIELD2 13 TIME WHEN BIT SYNC AND
DEMOD BOTH LOST LOCK
STATUS

14 ACQUISITION
STATUS

UNSIGNED
FIXED DECIMAL
PERCENT

6 PERCENT OF TIME BIT SYNC
AND DEMOD WERE BOTH IN
LOCK STATUS WITHIN
CUSTOMER SUPPORT
REQUEST

15 RECORDED ASCII 1 INDICATES IF SUPPORT WAS
RECORDED ON TAPE; ONE OF
THE FOLLOWING:
• Y
• N
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16 TRACKED ASCII 1 INDICATES IF ANTENNA
SYSTEM TRACKED
SPACECRAFT; ONE OF THE
FOLLOWING:
• Y
• N



EO-1 ICD-023
BASELINE

SEPTEMBER 24, 1998

D-3

TABLE D-1. DOWNLINK SUMMARY REPORT RECORD FORMAT (2 OF 2)

ITEM
NO.

NAME FORMAT
MAX SIZE
(BYTES) MEANING/VALUE(S)

17 ANTENNA
STATISTICS

TBD TBD TBD

18 PTP FRAME
STATISTICS

TBD TBD TBD

19 RECORDER
NODE
STATISTICS

TBD TBD TBD

20 COMMENTS ASCII 60 WGS COMMENTS RELATIVE
TO REPORTED SUPPORT

1 IF A BACK-UP TAPE WAS USED, THERE WILL BE TWO RECORDS WITH THE SAME TAG
NUMBER, ONE FOR EACH TAPE USED.

2 REFER TO GMT TIME FORMAT IN TABLE C-2.
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ABBREVIATIONS AND ACRONYMS

AC ATMOSPHERIC CORRECTOR

ACU

AGS ALASKA GROUND STATION

ALI ADVANCED LAND IMAGER

AM AMPLITUDE MODULATION

AOS ADVANCED ORBITING SYSTEMS

ASCII AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE

BER BIT ERROR RATE

B_PDU BITSTREAM PAYLOAD DATA UNIT

BPSK BINARY PHASE SHIFT KEY

BPS BITS PER SECOND

C DEGREE CELSIUS

C&DH COMMAND & DATA HANDLING

C&T COMMAND AND TELEMETRY

CADU CHANNEL ACCESS DATA UNIT

CCSDS CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS

CLCU COMMAND LINK CONTROL WORD

COP COMMAND OPERATION PROCEDURE

CRC CYCLIC REDUNDANCY CHECK

CVCDU CODED VIRTUAL CHANNEL DATA UNIT

DB DECIBEL

DB-K DECIBEL/DEGREE KELVIN

DBM DECIBEL RELATIVE TO 1 MILLIWATT

DEG DEGREE

DPS DATA PROCESSING SYSTEM

EDOS

EIRP EFFECTIVE ISOTROPIC RADIATED POWER

EL ELEVATION
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EO-1 EARTH ORBITER-1

FARM FRAME ACCEPTANCE AND REPORTING MECHANISM

FDF FLIGHT DYNAMICS FACILITY

FOT FLIGHT OPERATIONS TEAM

FTP FILE TRANSFER PROTOCOL

G/T GAIN AS A FUNCTION OF TEMPERATURE

GB GIGABYTE

GIS GRATING IMAGING SPECTROMETER

GMT GREENWICH MEAN TIME

GN GROUND NETWORK

GPS GLOBAL POSITIONING SYSTEM

GSFC GODDARD SPACE FLIGHT CENTER

ICD INTERFACE CONTROL DOCUMENT

IIRV IMPROVED INTERRANGE VECTOR

IP INTERNET PROTOCOL

IPDU INTERNET PROTOCOL DATA UNIT

KBPS KILOBITS PER SECOND

KHZ KILOHERTZ

L&EO LAUNCH AND EARLY ORBIT

LHCP LEFT-HAND CIRCULARLY POLARIZED

LNNA LOW NOISE AMPLIFIER

MBPS MEGABITS PER SECOND

MCS MASTER CHANNEL SEQUENCE

MHZ MEGAHERTZ

MIC MEMORY INTERFACE CARD

MOC MISSION OPERATIONS CENTER

M_PDU MULTIPLEXED PACKET DATA UNIT

MS MULTISPECTRAL

MS MILLISECOND

MSSP MEDIUM-SPEED SERIAL PORT

NASA NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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NASCOM NASA COMMUNICATIONS

NMP NEW MILLENNIUM PROGRAM

NRZ-L NON-RETURN TO ZERO LEVEL

NRZ-M NON-RETURN TO ZERO MARK

PAN PANCHROMATIC

PM PHASE MODULATION

PSK PHASE SHIFT KEY

PTP PROGRAMMABLE TELEMETRY PROCESSOR

QPSK QUADRIPHASE SHIFT KEY

RDD RANGE DATA DELAY

RF RADIO FREQUENCY

RHCP RIGHT-HAND CIRCULARLY POLARIZED

RM RECORDER MANAGEMENT

RS REED-SOLOMON

RSN REMOTE SERVICES NODE

SEC. SECOND

SGS SVALBARD GROUND STATION

SN SPACE NETWORK

SSA S-BAND SINGLE ACCESS

SSPA SOLID STATE POWER AMPLIFIER

STDN SPACEFLIGHT TRACKING AND DATA NETWORK

SVF SCIENCE VALIDATION FACILITY

SWIR SHORTWAVE INFRARED

SYNC SYNCHRONIZATION

TCP TRANSMISSION CONTROL PROTOCOL

TDF TRACE DELIVERY FORMAT

TDRSS TRACKING AND DATA RELAY SATELLITE SYSTEM

TRACE TRANSITION REGION AND CORONAL EXPLORER

UTDF UNIVERSAL TRACKING DATA FORMAT

VC VIRTUAL CHANNEL

VCDU VIRTUAL CHANNEL DATA UNIT



EO-1 ICD-023
BASELINE

SEPTEMBER 24, 1998

AB-4

VCID VIRTUAL CHANNEL IDENTIFIER

WARP WIDE BAND ADVANCED RECORDER/PROCESSOR

WFF WALLOPS FLIGHT FACILITY

WGS WALLOPS GROUND STATIONS

WIS WEDGE IMAGING SPECTROMETER

WOTIS WALLOPS ORBITAL TRACKING INFORMATION SYSTEM

WPS WALLOPS ORBITAL TRACKING STATION

XTE X-RAY TIMING EXPLORER


